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Liquid atomization is an important process in many industries. 
Among the more important applications are: 
l. Fuel atomization for furnaces and engines. 
2. Atomization in industrial processes such as spray 
drying, humidifying, cooling, and air conditioning. 
3. Liquid atomization for fire contrel. 
4. Production of aerosol "bombs" for the food, medical, 
hardware and toiletry industries. 
5. Liquid atomization of chemicals for insect, disease, 
and weed control. 
This was a study of liquid atomization as···ta1ated to effective 
application of agricultural chemicals. However, techniques and. 
re.eults reported in this study may have application in other areas~ 
One important problem of the agricultural industry is the 
effective application of chemical sprays. The hazards associated 
with the use of many agricultural chemicals today makes the solution 
to this problem imperative. 
Many investigatOTs have experimented with agricultural 
chemicals and applic~tion equipment to determine formulations and 
l 
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application rates to accomplish particular jobs. Only a few of these 
investigators made any effort to quantitatively assess the atomized 
nature of the spray which carried the chemical. The production and 
drift of the smaller spray drops {and chemicals) was thought to be 
impossible to prevent and recommendations were to use "low volatility" 
chemicals, to form "large" drops, and to apply the spray only when 
the wind was nearly calm. 
One of the major obstacles to effective chemical application 
has been the atomizing nozzle which characteristically produces a 
rather wide and unpredictable range of drop sizes. Little was known 
about the most effective drop size or sizes for particular appli-
cations. Also the technology to produce and transport desired drop 
sizes to areas of application without appreciable changes in 
character had not been developed. 
It was the purpose of this study to explore a method of atomiza-
tion different from those now in common usage in an attempt to 
develop an atomizing system that will produce spray composed of 
homogeneous particles of a predictable size. 
CHAPTER II 
OBJEC'.CIVES 
The objectives of this study were to: 
1. Develop a technique to quantitatively measure the size 
distribution of particles formed from liquid atomization. 
2. Determine and characterize the particle size distributions 
of sprays formed by different methods of atomization. 
3. Refine a method of atCiJIIlization that would produce spray 




A REVIEW OF SPRAY TECHNOLCX}Y 
The Atomization and Application of 
Agricultural Chemicals 
Although the application of agricultur.al chemicals to crops in 
an atomized form was a relatively comm.on practice prior to 1940, 
little attention was given to the mechanics of atomization as 
related to effective chemical application. French (1) made measure-
ments of drop sizes in some test work with a compressed air sprayer 
and a blower sprayer. Using pressure atomizing nozzles with oil as 
the chemical carrier material, an increase in air velocity past the 
nozzle decreased the average drop size. The spray was collected on 
slides coated with lampblack and individual drops were measured with 
the aid of a microscope. 
Following the i ntroduction of 2,4-D shortly after World War II, 
several investigators (2, 3, 4, 5) became concerned with the spray 
distribution patterns of nozzles and the effects of pressure and 
nozzle arrangement on the uniformity of coverage. Shanks (6) 
discussed some methods of determining drop sizes, measured the drop 
size distribution of several nozzles and concluded that "present 
spray nozzles do not prod~ce drops of great tl!Il.iformity". 
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Many field experiments have been conducted involving the 
evaluation of chemical formulations and application rates where no 
measurements were made relative to drop sizes or distributions. 
A few investigators (7, 8, 9, 10, 11, 12, 13) have made rather 
cursory measurements of drop sizes and distributions as a part of 
field trials involving chemical evaluation . Most of these involved 
relatively crude sampling techniques and results were based either 
on qualitative visual assessment of the spray patterns or on the 
microscopic measurement of relatively few drops. 
Roth and Reins (14) investigated a rotating disk apparatus in an 
attempt to produce a spray canposed of drops of a uniform size. A 
laboratory device for producing drops of uni f orm size from small 
volumes of liquid was developed by Ennis and limes (15). Others 
(16, 17) have used a paint sprayer to produce uniform drops for 
laboratory studies on the retantion and effectiveness of chemicals. 
Courshee (18, 19) investigated the small drop component of 
sprays and the occurrence of drif t. He concluded that t here is not 
a clear-cut upper limit to the size of dr op that may drif t since 
other factors (nozzle orientation , wind velocity, direction of 
travel) may be as important as the drop size itself in determining 
which particles will drif t. Edwards and Ripper (20) describe a 
sprayer boan cover which woul d drape around the spray boom and catch 
and condense on the i nside of t he cover small drops tha t would other-
wise drift . The resul ts of f ield tria l s showed it to be rea sonably 
effective in reducing the amount of spray t hat drifted. 
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Ennis (17) used sized drops to measure drop retention on 
different plant leaf types (pubescent and glabrous) for different 
types of liquid solutions. He found that pubescent leaves retained 
more aqueous spray than glabrous leaves and leaves in a horizontal 
position retained more spray than those at a 45 degree angle from 
horizontal. Smith (16) reported that sprays of relatively large drop 
size (250-561 micron average diameter) were more effective than those 
of smaller drop size (30 microns average diameter) as measured by 
plant response. For a given volume application rate, more spray 
solution was deposited and retained when the larger drops were used. 
Mullison (21) found in laboratory experime~ts that the herbicidal 
effect on young bean plants was determined solely by the amount of 
2,4-D applied. Whether one large drop or several small drops were 
applied seemed unimportant as long as the total amount of 2,4-D used 
per plant was the same. Drop size, drop sp~cing, spray volume, and 
herbicidal concentration were studied by Behrens (22) to establish 
their relative importance in determining the effectiveness of 
2,4,5-T spray application. Based upon the response of mesquite and 
cotton, the drop spacing (number of drops per square inch) was found 
to be of major importance in determining the effectiveness of the 
chemical while drop size, spray volume, and herbicidal concentration 
had no direct influence on plant response under the conditions of the 
test. 
Drop Production Methods 
6 
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Liquid atomization is the process of subdividing a liquid into 
a multitude of individual particles or drops. A number of methods 
have been proposed and developed to varying degrees which accomplish 
liquid atomization. The devices and techniques range from laboratory 
apparatus which will produce single drops or streams of drops to 
commercial equipment commonly used in a number of industrial processes. 
Because of the vast quantities of literature available involving 
research on particular atomization devices, several excellent biblio-
graphies are suggested (25, 26, 27, 28). The majority of research 
described in these references deals with pressure atomization and 
spinning disk atomization of fuels and of products for spray drying. 
The objective of atomization for the·se applications is to produce a 
uniform spray composed of fine drops. 
Pressure Atomization. Pressure atCiXllization consists of forcing liquid 
through an orifice. Liquid emerges from an orifice as a free liquid 
configuration in the form of a cylindrical column or a thin sheet. 
Because of surface tension, these configurations are unstable, and 
with the assistance of disturbances, subsequently break up into a 
system of drops. 
Pressure (velocity) small enough to produce laminar flow causes 
liquid to emerge from a circular orifice as a cylindrical column or 
filament. At some distance from the orifice, external disturbances 
and surface tension forces cause the filament to undergo a breakup 
that produces rather uniform large drops about twice the orifice 
diameter and a few small drops irregularily interspersed between the 
large drops. This laminar flow breakup is sometimes referred to as 
the Rayleigh type breakup (26). Pressure on an orifice sufficient to 
cause semi-turbulent or turbulent flow causes the emerging liquid 
column to disintegrate into a range of drop sizes. 
Liquid emerging from either a conventional fan or cone nozzle 
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is first forced into a thin sheet. Internal and external disturbances 
resulting from liquid and ambient air turbulence may cause ruptures 
in the sheet. These holes enlarge rapidly into a network of liquid 
filaments which break up into drops. As liquid velocity (pressure) 
increases, the sheet and filaments become shorter, liquid and ambient 
air turbulence becomes greater and the entire atomization process 
becomes very difficult to detect and describe. Because of the unpre-
dictable nature of the turbulence on the breakup of the sheet and 
fil aments, the resulting drops necessarily cover a broad size range. 
The manner in which the liquid emerges from the orifice greatly 
influences the .atomization. Imparting a tangential velocity component 
to the liquid before discharge aids substantially in atomization. 
High pressures (velocities) increase the proportion of small drops. 
Viscosity has been found to be the principal liquid property 
influencing the degree of atomization. High liquid viscosity tends 
to increase the mean drop size i n a spray. 
Pneumatic Atanization. Liquid atomization in which a compressible 
fluid is used t o disintegrate a liquid jet is known as pneuma~ic 
atomization. In the production of drops by this method, the breakup 
mechanism i s characterized by a violent and unpredictable disruption 
I 
and tearing apart of the liquid (26). The spray resulting from 
process contains relatively large and unpredictable fractions of 
small drops. Depending on the liquid flow rate and relative air 
velocity, any large drops formed initially may subsequent ly be broken 
up into a number of much smaller drops. 
Spinning Disk Atomization. Spinning disk atomization consists of 
centrifugally accelerating a liquid to a high velocity and discharging 
it into a gaseous atmos·phere. The breakup mechanism at or near the 
periphery of the disk may be as direct drop formation, ligament 
formation or sheet formation. Experiments (23) have shown that disk 
configuration has a negligible influence on drop size distribution. 
The size and uniformity of drops produced depend to a large degree on 
disk speed, liquid feed rate, physical properties of the liquid 
(surface tension, viscosity, density), smoothness of the disk surface 
and the amount of disk vibration. The circulatio·n and turbulence in 
the gas surrounding the atomizer also contribute to the unpredictable 
formation and breakup of the filaments and sheets. Drop size distri-
bution characteristics of spinning disk atomization, with the 
exception of small diameter, high speed disks operating with low 
feed rates, closely resemble those of pressure atomization. 
Jet Impingement. The impingement of two liquid streams or the 
impingement of a liquid stream against a solid surface will cause 
atomization. 
Liquid-liquid impingement produces a ruffled sheet of liquid 
perpendicular to the plane of the two jets. The liquid sheet 
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disintegrates intermittently, forming a group of drops that appear as 
waves propagating from the point of impingement. Heidmann and 
Humphrey (29) studied the effect of jet velocity, jet character, jet 
length, and impingement angle on the wave frequency of two impinging 
jet streams. No measurement was made of the drop size- distributions 
produced. 
The breakup mechanism of liquid-solid atomization has not been 
described. However, at least one camnercial nozzle uses this 
principle in producing a "fog" for fire fighting. This principle is 
also in common use in equipment for the application of garden 
insecticides where a liquid stream impinges on a plane or curved 
surface t o cause atomization. Quantitative assessment of drop size 
distributions for these atomizers is not available. 
Aerosol Generation. Aerosol generation (30) is a process of 
condensing vapors on nuclei to form drops of a desired size. (Aerosol 
is a term generally used to designate an assemblage of small liquid 
or solid particles SO microns in diameter or less that are dispersed 
in a gaseous medium). By careful control of this process, clouds of 
extremely uniform drops can be formed. 
Atomization by the Use of Electrical Energy. Vonnegut and Neubauer 
(31) and Drozin (32) have demonstrated with laboratory apparatus 
that certain liquids can be atomized using high voltage electricity. 
When a wire carrying 5,000 to 10,000 volts was immersed in an 
insulated liquid-filled vessel having a capillary discharge tube, 
streams or clouds of uniform drops were produced. The size of the 
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drops and degree of atomization was largely a function of the applied 
voltage. The drops produced were highly charged and could be controlled 
by electrostatic means. Drozin found that it was not possible to 
atomize some liquids even at voltages up to 30,000 volts. 
High voltage has been used for atomization in a painting process 
(33). As paint flowed from the edge of a rotating head, a 90,000 
volt potential created between the head and the work assisted in the 
atomization and transportation of the paint to the work. 
Liquid Atomization by Vibrations. The application of vibratory 
energy to atomize liquids has resulted in several laboratory devices 
and techniques which can produce streams or clouds of drops. 
Rayner and Hurtig (34) and Davis (35) developed devices by 
which a vibrating wire, moving through the liquid that accumulates 
at the end of a capillary tube, would strip small drops from this mass 
of liquid. Drop size was found to depend mainly on the liquid flow 
rate from the capillary tube and to a lesser extent on the frequency 
and amplitude of the wires. Wolff (36) used an electromechanical 
vibrating reed device and an analogous mechanical device to study 
inconsistent drop size, the presence of satellite drops and the 
mechanism of drop formation by this method of drop production. 
Dimmock (37) was able to generate a stream of drops of uniform 
size by vibrating a capillary tube containing liquid. By adjusting 
the liquid feed rate and frequency of vibration, drops ranging in 
size from 10 to 300 microns were produced. Vonnegut and Neubauer 
(38) describe a similar technique that utilized a blast of air to 
excite the capillary vibration. 
Magarvey and Taylor (39) developed two types of devices for 
producing large drops. In one a jet stream was broken up into drops 
of uniform size by a forced vibration of the discharge tube. In the 
other, vibrations were transmitted to the je t stream through the 
liquid contained in the discharge chamber. These devices produced 
drops ranging in size from 300 to 10,000 microns. 
Sliepcevich, Consiglio and Kurata (40) describe a pressure type 
nozzle which used a discharge valve that was made to vibrate at from 
200 to 800 cycles per second. For a given capacity, finer spray was 
obtained from this nozzle than from a conventional non-vibrating 
centrifugal pressure nozzle. A device using sonic vibrations (41) 
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was used to atomize liquid. Filaments of liquid showering down around 
a resonator, vibrating at about 9400 cps, were broken up by waves of 
pressure and dilation. 
Antonovich (42) made high-speed motion pictures of a paint film 
atomized by 20 kilocycle vibrations. Under the best atomizing 
conditions at 20 kilocycles, the drop diameters ranged from 20 to 
70 microns. Sollner (43) described the mechanism of "fog" production 
of non-metallic liquids by the use of ultra-sonic waves. No mention 
was made of the size of drops produced. Three patents (44, 45) have 
been issued on atomizing devices utilizing ultra-sonic energy as a 
means of achieving atomization. 
Miscellaneous Atomizing Devices. The following at0mizing devices and 
techniques do not exactly fit any of the classifications previously 
13 
established. 
A. rotary device for producing a stream of uniform drops in the 
laboratory was developed by Rayner and Haliburton (46). In this 
device the tip of a rotating blade moved through a reservoir of liquid 
and upon emerging from the liquid surface caused drops to be thrown 
off. Drop sizes ranged from 100 to 700 microns depending upon blade 
speed, blade tip design, and size of liquid feed capillary. 
Lane (47) developed a device for producing single drops of a 
predictable size that consisted essentially of a hypodermic needle 
discharge tube with a concentric air stream to strip off the drops. 
A similar device was developed by Ennis and James (15) to produce 
uniform drops from small volumes of liquid. 
A rotating cylinder was developed by Britton and Norman (48) 
for atomizing chemicals for aerial application. This device consisted 
of a perforated cylinder 4 inches in diameter and 14 inches long into 
which liquid was fed. At rotative speeds from 10,000 to 15,000 
revolutions per minute, atomization was maintained at liquid feed 
rates of "several" gallons per minute. Drop size was observed to be 
a function of rotative speed. 
Although mechanical division of liquids is a possible means of 
atomization, no reference was found to a device or process that 
utilized this principle. 
Spray Sampling Methods 
Numerous sampling methods have been developed in the measurement 
of spray drop size. No one method has proved entirely satisfactory. 
DeCorso (49) suggests the necessary characteristics for an ideal 
drop sampling method: 
1. The spray pattern for atomization should not be disturbed 
in the sampling process. 
2. Sampling should be rapid. 
3. The samples should readily lend themselves to r apid 
counting. 
4. The samples should provide good size distinction over 
the entire range of drop sizes to be measured. 
5. The method should permit the variation of liquid and 
ambient gas properties. 
6. The samples should be taken i n such a manner that spatial 
and temporal size distributions can be obt·ained. 
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The known sampling methods are described in the following para-
graphs for canpar ison with the characteristics of an ideal method. 
Details of particular methods may be found in t he indicated references • 
. Coated Slide Method (6 8 14 1 22, 27. 50). A f r equently used method 
is the collection of drops on slides coated with a suitable material. 
This method provides a rap.id and simple means of sampling since it is 
easily adaptable to a wide range of sampling conditions in either 
laboratory or field experiments. Several important difficulties occur 
in the use of this method, however. Some dif ficulty may occur in 
obtaining reliable sample s s i nce small dr ops may flow around the 
slides and large drops may be shattered upon impact with the slides. 
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Careful control must be maintained over the sampling intel"Val to avoid 
an over-concentration of drops which would hinder subsequent measure• 
ment. The resulting drop impression on the slide must be carefully 
calibrated with the actual drop size to obtain accurate size infor• 
. mation. This method of sampling generally provides records that do 
not deterio~ate appreciably with time. 
Immersion Sampling (51). In this method drops are collected in trans• 
parent umpling cells containing a liquid of lower density than th.e 
spray and one that is immiscible with th spray. After entering a 
cell, spray drops settle to the bottom and rero.ain as practically 
perfect spheres. As with the coated siide method, sampling error may 
occur because of the failure of small drops to impact and because of 
the shattering of large drops at impact. Care must be exercised to 
keep the concentration of drops low enough to prevent appreciable 
coaleecence in the cell. The cells must be handled gently to prevent 
coalescence before measurement. 
Frozen or Solidified Drop Method (27 1 SO). This method involves the 
freezing or solidifying of spray drops in flight. The solidified 
drops can then be collected, sieved, and separated into size classes 
for counting. Although the materials used to simulate the spray 
liquid may have approximately the same physical properties (viscosity 
and surface tension), the effect of the freezing process on drop 
size is not well known. It is possible with this method to sample a 
large volume of a spray and thus reduce one type of sampling error. 
Photographic Method of Sampling (27 1 49 1 50 1 52). This method 
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consists of photographing spray drops in flight. The general arrange-
ment is to pass spray between the camera and a light source. Due to 
the velocity of the drops and the magnification generally sought in 
the photographic process, special illumination techniques are 
required. Also, at high magnification the depth of field becomes very 
small and difficulty arises in determining which drops are sufficiently 
in focus for counting. By the use of high speed flash equipment and 
double exposures of the film, both spatial and temporal distributions 
can be obtained. Since no object is placed in the path of the drops, 
there is minimum disturbance of the spray during the sampling process. 
The Cascade Impactor Method (27. 50). In this method spray drops are 
made to flow through a passageway and are impacted on slides placed 
i n the path of the drops. Drop size gradation occurs at different 
points in the system due to a difference in air velocity at each 
sampling point. This method is not especially suitable for determin-
ing the drop size distribution in coarse sprays beaause of impingement 
of large drops on the walls of the impacto~. Sprays containing drops 
under 100 microns in diameter can be sampled acc~rately in this manner. 
Electronic Sampling (27 2 SO). Several electronic techniques have 
been developed for sampling and measurement of spray drop sizes. 
Geist, York and Brown (53) found that the electrical pulses created 
upon interception of electrically conducting particles with a probe 
wire were proportional to the particle diamet~r. Clardy and Talbert 
(54) developed an i nstrument using a phototube scanner to continuously 
measure and record raindrop size distributions. An electrically 
heated filament was used by Vonnegut and Neubauer (38) to detect and 
measure airborne liquid drops. Considerable development of these 
techniques and associated equipment is necessary, however, before 
accurate and reliable infotmation can be obtained. 
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Light Scattering (27, 50). The measurement of light scattered from 
dispersed drops is a rapid method of obtaining size information. 
However, only information about the average drop size or the 
predaninant size is available with this method. The accuracy of this 
method depends largely on the uniformity of dispersion of the drops. 
Other Methods (27 1 50). Several other methods have been developed 
for the sampling of solid and liquid particles. Elutriation, centri-
fugal separation, and radioautographic methods have been developed for 
solid particles. No applications of these methods have been made to 
the sampling of liquid particles. Momentwn and mass flow measurement 
techniques developed for sampling liquid particles yield only rather 
gross characteristics of the spray. 
An important part of a spray sampling method involves decisions 
concerning the number and location of samples to obtain representative 
and reliable data. Only vague and incom.plets discussions of this 
aspect of sampling are found in the literature. Generally, in 
sampling sprays for drop size distributions , more emphasis seemed to 
be given to the total n\D!lber of drops counted than to where or h9W 
the drop samples were obtained. 
Tate anq Marshall (57) suggest that the accuracy of charac-
terizing an actual drop size distribution depends on the number of 
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size ranges used and on the total number of drops to be reported. To 
establish a desired total number of drops to be measured an "error 
factor" was developed that represented the deviation from an actual 
cumulative distribution curve of a measured cumulative distribution 
curve as a per cent of the total number of drops measured. Judicious 
selection of sampling locations with respect to the areas of 
greatest spray volume was also deemed necessary to avoid increasing 
the total number of drops to be measured as predicted by the error 
factor function. In experiments with centrifugal pressure nozzles, 
twelve immersion samples (two per location) were taken along a line 
perpendicular to the nozzle axis at positions representing midpoints 
of annular equal volume zones. Photomicregraphs were made from the 
samples for counting, though no indication of the number made from 
each sample. The drop size distribution sampling distance was the 
same as for the weight flow distribution sampling. Adler and Marshall 
(23) and Herring and Marshall (63) used a sU11ilar sampling procedure 
for spinning disks but i ndicated that from 10 to 15 ph0tomicrographs 
were made frQlll each one inch square sampling cell. No indication was 
made of sampling replication of the cells . In discussing the 
technique of immersion sampling, Tate (51) suggests a sampling distance 
far enough from the <1Jrifice to allow large drops time to slow down 
and thus prevent drop shatter on impact with the immersion cell fluid. 
One test was suggested as sufficient to establish drop size distri-
butions by using a long narrow cell extending across a symmetrical 
spray pattern. The contents of the entire cell were not examined. 
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Rather, photomicrographs were taken at spaced intervals along the cell 
for measuring and counting. 
DeCorso (49) raise.d the question of how many drops should be 
counted for his photographic sam.pling method. Each negative in his 
experiments was treated as an individ~~l sample, but no indication was 
made of the number of replications or sampling locations used. A 
sampling distance was specified, but no mention was made as to why 
the selected distance might have been better or worse than any 
other. 
Pigford and Pyle (64) exposed two or three coated slides to each 
spray under duplicate conditions. No indication was made as to where 
in the spray patt•rn the samples were taken. The coated slides were 
then photographed at a magnification of ten and the drops counted in 
three or four narrow strips across the negative. 
Turner and Moulton (58), working with the molten wax method, 
placed one per cent (by weight) Ci>f the to.tal particles collected in 
a liquid suspension from which several drops were drawn and placed on 
a slide. Upwards of 90 fields of drops were counted from each slide. 
One to three slides were prepared for each test condition. 
Drop Measurement Techntques 
Several techniques have been develeped to assess samples of spray 
for the number and size of drops. The method used for measurement will 
depend to a large extent on the number of samples to be counted and 
on the method by which the samples were @btained. 
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Manual counting and sizing of spray samples, either directly with 
the aid of a microscope or similar magnifying device equipped with 
suitable measuring attachments or indirectly by being photographed 
and projected (the measurements being made frC:>m the projected 
images), is perhaps the most common method employed. Although this 
method is a tedious and time-consuming procedure and imposes a limit 
to the number of samples that can be analyzed, it doe.s provide a 
means of counting samples regardless of the me,th0d used in taking 
the samples. Some electr0-mechanieal measuring and recording devices 
are available to help speed the manual assessment of samples. 
All electronic scanning device and technique has been devel0ped 
(55, 56) which can be used to count and classify chordal images 
from high contrast photGgraphic negatives of spray drops. The chord 
distribution data assembled by the instrument will yield drop size 
distributions after proper statistical treatment. The immersion 
sampling method lends itself especially well t.0 this technique of 
analysis since high c0ntrast negatives are usually obtained. The 
uncertain depth of field associated with the photographic method of 
sampling would. likely prevent these negatives frm being analyzed. 
.directly by t~is method. Certain slide coatings will produce photo• 
graphic negatives of sufficient contrast to use with this method. 
The principle advantages of this method are that it counts and 
classifies all of the drops on a photographic negative and can count 
much faster with greater accuracy than a h:mnan. 
Samples obtai~ed by the frozen drop methed can be quickly 
separated into several size classes by passing them through a set of 
standard sieves. The major limitation to this procedure is that the 
number of sieve sizes available restricts the number of size classes 
that can be obtained. Also, particles smaller than about 50 microns 
cannot be separated by sieves and must be subjected to other methods 
for analysis. The nuaber of particles in each size class can be 
determined by either counting the entire sample or by a process of 
weighing and counting representative sub-samples. 
The other sampling methods (light scattering and electronic 
sampling) produce indirect drop size measurements and would need 
careful calibration in their use. 
Portrayal of Drop Size Distributions 
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The drop sizes found in sprays are commonly portrayed in a 
number of different manners, some ef which prevides more information 
than others. The procedure ha.s generally been to c.alculate diameters 
of "typical" particles fre experimental data or t:io fit distribution 
functions to experimental data. 
Depending upon the at-1.zation application., any one of several 
!!!.!! diameters may be found: length or diameter, area er surface, 
volume, surface-diameter, volume-diameter; vol1m1e-surfaoe, and 
geometric. Also, calculated median diameters are used to divide the 
spray into two equal portions by number, surface area or volume bases 
and can be established from the 50 per cent point on a ''per cent 
smaller than a given dTop size vs. given drop size" cumulative 
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distribution curve. Median diameters and mean diameters, by themselves, 
relate very little information about the distribution of drops within 
a spray. 
Several functions have been developed and are used to represent 
drop size distributions in sprays and may be expressed as number, 
surface or volume distributions: 
1. Normal distribution function 
l 
f(x)= ------• s\f2" 
x • mean drop size 
(x-i)2 
as2 
s • standard deviation. 
2. Log-normal distribution function 
• (lnx • lni8) 2 
____ 1-.!!!!!!!!'!"!!- e 2s82 f(x) • 
XS~ 
x8 = geometric mean diameter 
s8 • geemetric stand.ard deviation 
3. Square root· normal distribution function 
f (x) = -;:.,=;m111111l====--2'J 2 7r sx 
x • mean drop size 
s = standard deviation 
c-{7- Vi>2 
2s2 
4. Upper limit function (log-normal function with parameter for 
upper limit to drop size) 
f(x) = l 
Xm = maximum drop size 
e 
ln ( Xm!~ x) 2 
2 s 2 g 
'xg = geometric mean diameter 
sg = geometric standard deviation 




- ,2 (lnx • lrutg 
2 s 2 g 
x8 = geometric mean diameter 
sg = geometric standard deviation 
K • adjustment factor 
6. Nukiyama • Tanasawa distribution function 
d 
( ) bxm e -ex f x = 
b, m, c, dare empirical constants 
7. Rosin - Rammler distribution function (in cumulative volume 
form) 
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Vf = volume fraction contained drops af diameters less than x 
xp = size parameter 
d = dispersion parameter 
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Four of these functions are empirical variations on the norm.al 
distribution curve. The log-norm.al function provided certain advanta-
ges (24) when representing selected spray data. Tate and Marshall 
(57) used the square root-normal function for spray from centrifugal 
pressure nozzles. The upper limit function, which acknowledged the 
maximum drop size in sprays was developed by Mugele and Evans (24). 
Turner and Moulton (58) devised an adjustment factor for the log-
norm.al function to better represent their data. The Nukiyama-
Tanasawa function is a strictly empirical equation having application 
over a limited range (24). The Rosin-Ramm.ler function was originally 
developed for solid particle distributions (powdered coal) but has 
found occasional appliaatien in liquid atomization. 
All of these fum.ctiens are used.to characterize,. in a rather 
gross manner, the spatial drop size distribution of an entire spray 
pattern, i.e., the size distribution of drops in a volume of spray. 
A number of samples may be taken at different locations in a spray 
but are subsequently combined to provide a composite distribution 
for the atomizer. Little or no attempt is made with these.functions 
to identify distributions in different locations within a spray 
pattern • .Also, the temporal distribution, that is, the distribution 
of the drops and/or liqu::td mass as a function of time is not show 
by these functions. 
York and Stubbs (52) developed a functien for cone nozzles 
where the "number of drops per centimeter per st·eradian pe:r cubic 
centimeter of flew was plotted against the size of drops for various 
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locations in a spray". This function represents a more precise descrip-
tion of an entire spray pattern and would facilitate comparisons 
between nozzles since the spray flux is expressed in terms of a unit 
solid angle rather than unit cross-sectional area and would take 
into account dispersion of the spray as distance from the nozzle 
changes. 
No one of taese iistribution functions has proven to be best, 
and as Marshall suggests (26); 
11Until atomization mechanism can be suitably related to 
one or more distribution functions, there seems to be 
no the0retical justification for a belief, or expecta• 
tion, that one function should be generally superior to 
another for representing droplet-size distribution. 
Probably the best reasons for selecting a given distri· 
bution function would. be (1) mathematical simplicity, 
(2) ease of manipulation in computation, and (3) con~ 
sistency with the physical phenomena involved." 
Electrostatic Dispersion 
In reviewing drop prod.uction. m.eth.iti>id.s t it appeared that electre• 
static at0m.ization offered promise as a non-mechanical means of sub· 
dividing a liquid intc, a homogeneo\lls spray oomp1J>sed of particles 
with sufficient charge that electrostatic forces weuld determine 
dTop movement~ 
The electrical atomization achieved by Vonnegut and Neubauer 
(31) and Drozin (32) r@sulted in charged drops of 100 microns or 
less in diameter. Under certain atomizing couditions (particularly 
with liquids ef very lew conductivity) clouds of very small (about 
one micren diameter) charged particles of great uniformity were 
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produced. The drops would be ch•rged to the polarity of the high 
voltage electrode ilmereed in the liquido The capillary discharge 
tubes used were on the order of 100·500 microns in diamet~r with only 
sufficient liquid pressure on the discharge tube to cause a few drops 
I minute (about 5 x 10'"'6 em3/sec) to be formed at zero liquid 
potential. When a volt•ge was applied, the drop production rate 
would increase though no measure was made of any change in flow 
rate. 
Magarvey and Outhouse (59) investigated the breakup of a 
charged jet stream emerging from• 300 micron orifice at a flow 
rate of o.s C1ll3/sec. Measured currents in excess of 10 micro-amperes 
caused a violent whipping of the stream and subsequent disintegration 
into a wide range of particle sizes. Many drops ranging in siz@ frimi. 
less than S microns to about 25 microns were observed to leave the 
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atomization point at relatively high velo@ities such that about 
60 per cent were within 30 degrees of horizontal (for a vertical jet 
stream). The larger drops continued in the direction of the jet 
stream unless caused to deviate by forces created during breakup or 
by electrostatic repulsion. of nearby particleso The persistence of 
the electrical charges on the drops was not noted. 
In studying the effects of electric fields on rain d~~p 
coalescence, Goyer, et. al. (60) found that. su:da~e ~herges ci!>uld be 
induced on drops by passing them between charged plateso the induced 
charges on the dr0ps werre of sufficient magnitl!lde th.at disp~1rsioo ~f 
the drops was observed due to mutual repttlsion of the sim,Uarly ch81irged 
drops. 
CHAPTER IV 
THE. DESIGN AND DEVELOFMEN'I OF A SPRAY SAMPLmG APPARATUS 
AND TECHNIQUE 
Selection of a Method 
A review of research involving the application of agricultural 
chemicals showed that a deficiency existed in not being able to 
accurately sample, measure, and define the particulate nature of 
sprays. Since the validity of all subsequent analysis depends on the 
integrity of the original samples, it was decided that the sampling 
technique for this study should be developed arfli>Und the collection 
of accurate an.d representative samples of spray drops. Thus, two 
requirements were established for a spray sampling method: (a) 
samples should be taken in or ve1·y near the . zcine of atomization to 
prevent environmental m.<i>dification of the drops and (b) the sampling 
method sheuld produce minimum disturbanoe·to the atomization process. 
The photographic method appeared to best satisfy these require-
m.ents and provided other desirable features. Since no object is 
placed in the path of spray drops, a minimum. of distQrbaace is created 
in the sampling process. Drop coalescence, dispersion, and evaporation 
do not distort measurememts of the atomizing process. »rop size dis-
tinction can be maintained over a wide range of drop sizes. With 
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proper equipment, both spatial and temporal distributions can be 
obtained. The sampling procedure is relatively rapid and results in 
permanent records. 
General Arrangement of Components 
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The sampliD.g apparatus .. consists essentially ef a high magnifica-
tion camera, a light source, and a spray chamber mou~ted on a rigid. 
frame (Fig. 1, 2). The camera and light source were arranged on 
opposite sides of a spray chamber. This arrangement resulted in a 
type of shadew photography where the spray drops would appear as 
white spots in a dark field on developed film. Difficulties in. 
properly illmninating spray by reflecting light from the drops was 
reason for rejecting an arrangement having the camera and.light on 
the same side of tb.e spray chamber. 
The spray chamber was designed to provide a zone through which 
spray eeuld mc,ye, affected only by self-generated air currents. The 
movable chamber walls could be made to enclose the sampling zone and 
the atomizing device,. Different sampling locations could be 0btained 
by movi~g the atomizing device vertically or horizontally with respect 
to the camera. 
Camera Design 
York and Stubbs (52), De00rso (49), and Pelej (61) used a camera 
magnification factor ef about 10. No reasons were given as to why 
this particular magnificatian was used. If care is exercised in 'the 
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Fig. l. The Photographic Spray Sampling Apparatus. 
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selection and use of a camera lens, less distortion is likely in the 
photographic process than in enlargement or projection of the negatives 
for measurement. Thus, from.the standpoint of drop image distortion, 
a large phatographic magnification factor is highly desirable. On the 
other hand, a large magnification factor results in a small sampling 
area. Also, as the magnification factor increases, the image distance 
(the distance from the lens to the film) incr~ases and the amount of 
light required to properly expose the film increases. The magnifica-
tion factor partially determines the smallest size of particle that 
can be photographed and measured accurately. 
For the purpose of this study a maximum magnification factor of 
about 20 was arbitrarily selected. Since measurements might be 
directly made from a photographic negative, this magnification would 
be necessary to measure drops 50 microns in diameter. Drops 50 microns 
in diameter would appear approximately 0.04 inches in diameter on a 
negative with a magnification factor of 20. The minimum drop size 
that can be photographed with this magnification is determined by the 
resolving power of the camera lens and/or the film used. 
To obtain a magnification factor of 20 while maintaining a reason• 
able image distance, a short object distance (the distance from the 
lens to the object) must be used. An object distance of about 2 
inches was selected ta satisfy .this requirement. This distance was 
considered sufficient for the creation of an adequate undisturbed 
sampling zone in front. of the camera lens and at the same time would 
result in an image distance af about 40 inches. The focal length of 
the lens required to provide the11 .di1t1nces was ·caicula't:ed 11 1.91 
inches using .the optics equation 4•1 relating focal length, image 
distance, and object distance: 
4 • 1 
F • focal length 
I • image distance 
O • object distance 
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It is apparent from equation 4·1 that where the object is located 
very close to the focal length of the lens, small changes in the object 
distance produce rather large changes in the image distance and the 
magnification factor. For a compound lens the object distance and 
image distance should be measured from the front and rear nodal points. 
With normal photographic lenses, however, the nodal points are not 
unduly separated and only a small loss in accuracy will result if the 
distances are measure.d to the center of the lens. 
A 50 mm. (1.97 inch) focal length f/3.5 Leica Elmar camera lens 
v•s selected. This lens provided acceptable mechanical and optical 
properties as well as a desirable focal length. The object and image 
distances for this lens with a magnification factor of 20 were calcu• 
hted using equations 4-2 and 4-3 to be 2.07 and 41.4 inches, 
respectively. 
0 = F (1 + j) 
I• F (l + m) 
m s magnification factor . ~ 
4 • 2 
4 - 3 
At this magnification the depth of field was calculated to be 
0.020 inches (see Appendix A·I). This calculation was made with the 
lens iris adjusted to f./8. Larger f numbers (smaller effective 
aperatures) would provide a greater depth of field. 
The lens was mounted in a cylindrical barrel attached.to one 
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wa.ll of the sampling chamber and projected into the chamber. Much of 
the superstructure of the lens was removed to decrease the outside 
diameter of the barrel and redu.ce interference with the spray near the 
sampling zone. A lens filter.ring was adapted to support an extension 
tube of reduced diameter which would help prevent the spray from 
impinging on the lens during sampling. An extension tube cover 
prevented spray drops from accumulating on the lens when samples were 
not being taken. 
To provide for a desired magnification a special exte.nsion bellows 
was used. One end of this bellows was mounted to the outside of the 
sampling chamber wall and the other to the front side of the rear 
frame of a Graflex view camera. The view cam.era was mounted on a 
track to provide magnification adjustment not permitted by the camera 
itself. The rear frame of the camera was fitted with a 4 x 5 Graflok 
back which could be positioned from about 16 to 48 inches from the 
center of the lens. A grid of num.ber 36 wire was installe.cl at the 
back of the camera directly in front of the film holder. Th.is wire 
grid produced a fine-lined silhouette on the film to assist in negative 
assessment. 
A number two Alphax MX self-cocking shutter was mounted directly 
behind the lens iri. the barrel. A manual shutter release cable and 
shutter electrie cor1d extended frcm th.a barrel and the chamber t0 
control the shutter. ?he iris of the shutter was adjusted to a wide 
open position (1 inch diameter) and offered no restriction to light 
passing through the camera lens. Adju~tment of the shutter speed 
could be made fram the and of the barrel without removing the lens. 
Illumination 
.In cn:der to obtain clear, sharp photographs of moving objects, 
it is necessary that image movement across the film be very small. 
Chesterman (62) suggests that "the image mov.-ent across the film 
during effective expesure should not exceed. abeut 0.001 inch11 • 
The exposure time (.image movement) can be controlled either by 
regulating the camera shutter speed while the ebject.is.illum.inated 
or by regulating the duration of illumination during the period the 
shutter is open. 
Maximum drop velocities of about 1500 centimeters per .second 
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(50 feet per second) were measured by York and Stuobs (52)~ Limiting 
image movement across the film to 0.001 inch at this velocity would 
require a camera shutter speed of 1.7 microseconds or a flash with a 
1.7 microsecond duration. Since shutter speeds in the microsecond 
region are difficult to achieve, a short duration flash unit was 
selected. 
An Edgerton, Germeshausen, and Grier type 549 Microflash was 
selected as the light source. This unit delivered a single 50 million 
35 
peak beam candle power flash of approximately 0.5 microsecond duration 
(flash duration is defined as the time that the light intensity exceeds 
the one-third peak value). The type 549 Microflash employed a high• 
voltage, guided spark-gap air flash tube producing a light spectrum 
having a large part of the light energy emitted in the blu.e•green 
region (4,000 • 6,000 Angstrom units)~ A reflector was employed to 
concentrate the flash into a beam. 
To obtain sufficient light for properly exposing the film at 
maximmn camera magnification, it was necessary to mount a light conden-
sing lens between the flash unit and the camera lens. A seven-inch 
diameter condensing lens with a ten-inch focus was mounted in a barrel 
on the spray chamber wall opposite the camera and positioned so that 
a zone of intense illum.ination about one inch in diameter was created 
at the plane of best focus in front of the camera lens. To help 
maintain an efficient optical system, a truncated conical sheet metal 
cover was mounted on the end of the condenser lens barrel which 
reduced spray impingement on the lens. 
Drop velocities were obtained by double exposure of the film 
from two successive light flashes of a knewn time interval. Average 
drop velocity was then obtained by dividing the drop image movement 
on the negative by the time interval between flashes. Because the 
time interval between flashes for double exposure was small compared 
with the minimum recycle time for the type 549 Microflash, two flash 
units were requiredo The light from these two units were combined 
into a single beam so that both exposures were identical. Two 
alternatives were examined for combining two light sources into a 
single beam. 
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One arrangement consisted of a one•·fourth inch diameter flexible 
fiber optics "light pipe'' fabricated in the form of a "Y" with fibers 
in each branch being distributed .in the tru11k. Light entering either 
branch from a flash unit appeared as coming from the same source. 
Condensing lenses were us.ed between the flash units and the entrances 
to the light pipe. Despite this concentration of light, losses at 
the entrances to the light pipe branche.s were so great that the 
remaining light passing through the light pipe was insufficient to 
properly expose film. Further work with this arrangement was 
discontinued., 
In the arrangement used, the twe flash units were arranged at 
right angles, one of which pointed directly into the condensing lens 
in the spray chamber (Fig~ 3). Light from the two units was combined 
into a single beam by a specially coated glass plate mounted at 45 
degrees in front of both flash units. '!'his coated glass transmitted 
light from each unit toward the light condensing lens in the spray 
chambero '!'he glass was coated with the Libbey-Owens-Ford #501 Hi• 
Efficiency coating that reflects half and transmits half of the light 
falling on its surface" A variable time delay in the flash units 
permitted one unit to be flashed a predetermined interval of time 
· after the other. 
Photographic Techniques 




Because of the extremely small depth of field, great care was 
necessary in positioning the atomizer for specified sampling locations. 
A General Radio Type 1531-A Strobotae was used as the light source for 
focusing adjustment and for other observations where a multiple flash 
was desired. 
Synchronization of the camera shutter opening and light flash 
was achieved by using the ux 11 contacts of the shutter (which. made 
contact just when the shutter was fully open) to trigger one of the 
flash units. The other flash unit, triggered by the light flash from 
the first unit, had an adjustable delay period ranging from Oto 
1000 microseconds following the first flash. A flash delay calibra• 
tion was made by photographing a rotating disk driven by a 
synchronous motor. Shutter speeds of one second or less permitted 
exposure of the film by the short duration flash without causing 
fogging of the film by extraneous light. 
A fine grain, very high co~trast film (Kodak Contrast Process 
Ortho) was used to provide sharp separation boundaries for the drop 
images on the film. The film was developed in D-11 developer for 
14 minutes at 68 degrees Fahrenheit to obtain maximum contrast. 
Polaroid film (P/N 55) of about the same speed as the Contrast 
Process Ortho was used to great advantage to check the photographic 
setup before each test series. 
A nigrosine dye was added to transparent liquids at about one 
per cent by weight to make the drops opaque and produce sharp drop 
image boundaries on the negatives. The effect of the nigrosine 
dye on the viscosity and surface tension of water is presented in 
Appendix A-II. 
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Drops were photographed in varying degrees of focus due to the 
small depth of field. Depth of field standards were prepared by photo-
graphing drop-like objects at different measured locations from the 
plane of best focus. These negatives provided guidance in deciding 
which drops were sufficiently in focus to be measured and counted. 
Although the camera magnification capability was designed for a 
maximum of 20, the small depth of field and sample area associated 
with this magnification was not satisfactory for certain sampling 
conditions. Camera magnifications of from 8 to 12 were satisfactory 
for ~ost work and provided a sample area of about 0.5 inch square. 
These smaller magnifications also made proper illumination less 
difficult and provided greater freedom in depth of field adjustments. 
Individual sample (negative) identity was maintained by mounting 
a small number inside each film holder in front of the film to provide 
a permanent identification for each negative upon exposure. The same 
number was also taped to the outside of the holder. This numbering 
system permitted mass development of a group of negatives since each 
negative carried its own identification. The numbers on the outside 
of the film holders were recorded for the different test conditions 
as exposures were made. Following film development the numbered 
negatives could then be associated with the proper test condition. 
Negative Assessment 
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Sample negatives were scanned on a Wilder Model A Optical 
Comparator having a magnification of ten. A magn.ification of ten was 
about the limit of enlargement for the film used and previded a 
desirable scanning area on the viewing screen. Since the negatives 
were divided into several one inch square areas by the fine grid 
wires, a ten times enlargement of one of these areas just filled the 
viewing screen. The comparator was equipped with a grid chart 
having a one millimeter line spacing. Thus, with a camera magnifi• 
cation of ten and a comparator magnification of ten, drop images of 
about ten microns in diameter were the smallest that could be 
measured. 
In an attempt to speed negative assessment, an electro=mechanical 
drop-size recorder was assembled. This device record.ad the number of 
drops occurring in as many as 15 different size classes ef aboi1t 60 
microns per size class (Fig. 4). After so.me use of this device, it 
was found that negatives could be scanned almost as fast. by two 
persons one measuring and the other recording. Drop size and number 
data obtained without the use of the recorder were processed in 
digital computer pregram.s with more flexibility since individual. 
drop sizes were known and no previous size class limitations were 
imposed. 
The depth of field standard negatives were reviewed periodically 
in an attempt to maintain consistency in sample assessment. 
Flash Delay Calibrati0n 
.. . .. 
...... : .:· .:· .. : ...... . 
•• •• .. •• "i* ......... 
Fig. 4. Drop Size Recorder and Optical Comparator. 
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Since part of the work with the sampling apparatus would involve 
drop velocity measurements, it was necessary to obtain a flash delay 
calibration for the flash unitso 
To accomplish this, a protractor was carefully photographed to a 
four-inch outside diameter and the negative ~emented to a cardboard 
disk~ Diametral measurements between the tips of opposing graduations 
at the edge of the protractor were made from. the negative. The disk 
was mounted on the shaft of an 1800 RPM fractional horsepower synchro-
nous motor. With the motor rotating the disk at synchronous speed, 
double exposure pict,1res were taken for different delay settings of 
the flash units. Chordal measurements 0£ the disk graduatien movements 
were obtained from the negatives (Fig. 5) and were clilinwerted to 
s~conds of flash delay using the following equ.ation based on circle 
geometry: 
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T = rrN 
T = delay between flashes (seconds) 
X ~ chordal graduation. movement (inches) 
4 a 4 
Y = diam.etral distance between opposing graduations (inches) 
B = camera magnification 
N ~ disk speed (revolutions per minute) 
Since the disk speed could be measured only to the nearest 
5 RPM with the strobos~ope, a calrm.lati(l)n was mad.a tCl detennine this 
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Fig. S. Double Exposure Sample for Flash Delay Calibration. 
effect on the delay calculated using equation 4-4. Tije result showed 
that a change of 5 RPM in the disk speed would produce a change of 
0.1 microsecond for a 40 microsecond delay period and 3 microseconds 
for a 900 microsecond delay period, both of which wer® considered 
insignificant for the accuracy desired. 
CHAPTER V 
APPARATUS AND EQUIPMENT FOR EXPERIMENTS 
Equipment for Sample Replication, Sample Distance and 
Sample Location Experiments 
The equipment developed and added to the sampling apparatus 
consisted of a spray nozzle positioning device and a liquid pressure 
system. 
The nozzle positioning device was supported by a rigid overhead 
frame (Fig. 6) extending 18 inches above the spray chamber. Two 
carriages supported by the frame allowed lateral and longitudinal 
movement of the nozzle with respect to the camera axis. The 
carriages were clamped to their tracks with ''Cu clamps when a desired 
position was established. A one-inch diameter shaft extended vertically 
through the longitudinal moving carriage providing a vertical 
adjustment. The nozzle holding and positianing device (Fig. 7) was 
located at the lower end of the vertical shaft. Tb.is device allowed 
angular movements of the nozzle body in two planes without displacement 
of the orifice when the orifice was positioned in the same horizontal 
plane as the centerlines of the bracket pivot bolts. Samples (photQ• 
graphs) could then be taken at a constant distance from the 0rifice 
anywhere in the spray pattern by rotating the nozzle body through 
45 
46 
Fig. 6. Overhead Frame for Nozzle Holde • 
47 
Fig. 7. Nozzle Holding and Positioning Device. 
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selected angles. An adjustable protra.ctor-level was used to position 
the nozzle body to the nearest degree. 
A fan type nozzle was selected for the development of a sampling 
procedure for the following reaso·ns: 
1. The fan nozzle is important in agricttltural work. 
2. Information relative to the drop size distributions of 
fan type nozzles is practically non-existent. 
3. Much of the information relative to sampling fan nozzles 
would be applicable to cone type nozzles, though not 
necessarily vice-versa. 
The spray nozzle used in these experiments was a Delavan type 
FS-2-65° fan nozzle rated at 0.069 gallons per minute (water) at 
40 pounds per square inch pressure. 
Air pressure was used to move liquid through the atomizing 
device. A ten gallon pressure fluid tank (maxim.wn working pressure 
of 110 pounds per square inch) equipped with a pressure :reg~.lator and 
agitator contained the liquid to be atomized., To avoid pressure 
fluctuations while sampling, air pressure to the :rregulator was 
supplied by a pressure storage tank. A po!."table air c:om.pressor was 
used to :recharge the pressure storage tank. Liqt1.id p:rressuire n\?.al' the 
nozzle was indicated by a 0=60 pounds per square inch piressure 
gauge. The gauge was separated from the ,1.ozzle by about 18 inches 
of flexible hose and was positioned at the same elevation as the 
nozzle. 
49 
Equipment for Laminar Flow Jet Stream Dispersion Experiments 
The equipment used to conduct the laminar flow jet stream disper-
sion experiments is shown schematically in Fig. 8. A wood base 
provided support for the nozzle and pressure gauge, the collector 
tube, the condensate container and the spray collector. The entire 
assembly was placed in the spray chamber of the sampling apparatus 
in a position for sampling of the jet stream (Fig. 9). The c@llector 
tube was a six•inch length of 1.25 inch outside diameter (l.1875 
inch inside diameter) aluminum tubing. The collector tube was 
insulated from the supporting bracket by 0.25 inch thick plastic 
strips cemented to the angle iron support. The horizontal jet 
stream discharged into a 12-inch length ef six-inch diameter plastic 
tubing to which plastic fabric was attached in the form. of a bag. A 
0-15 pounds per square inch pressure gauge was mounted in ate@ at 
the nozzle body ta indicate pressure. 
An inclined corrugated catchment surface 48 inch.es by 60 
inches (Fig. 10) was used to collect tb.e spray for dispersion. pattern. 
experiments. The catchment charmels were 4,8 inches long and individual 
channels were one inch wide. Dt·ops falling into the channels were 
collected in test tubes for weighing. 
Nozzle equipment for these experiments consisted of a Delavan 
CS-1 cone nozzle and a Spraying Systems X-1 cone nozzle. With the 
swirl cores removed these nozzles provided circular orifices 250 
(Delavan CS-1) and 530 (Spraying Systems X-1) microns in diameter. 
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Fig. 9. Laminar Flow Jet Stream Dispersion Apparatus. 




A model KV30-5S Kilovolt Corporation DC power supply provided 
voltage to charge the collector tube. The output of this unit was 
continuously adjustable from 0·30 kilovolts with an overcurrent cutoff 
at five milliamperes. 
Flow rate samples were timed using an electric clock a:nd were 
weighed to the nearest 0.01 pound. 
The liquid pressure system with the exception of the pressure 
gauge at the nozzle, was the same as used for the sample replication, 
distance and location experiments. 
CHAPTER VI 
EXPERIMENTAL PROCEDURE 
The develQpment of a sampling procedure involved the following 
questions: 
1. Is it necessary or desirable to sample the entire spray 
pattern or just a part of it? 
2. Exactly where in the spray pattern should the sample or 
samples be taken? 
3. How many samples (replications) would be necessary to 
establish a reasonable level of confidence in the results? 
The primary objective Qf sampling a spray is to obtain informa-
tion about the size distribution of particles in the spray. This 
would suggest sampling all of the spray for draps to arrive at a 
drop size distribution for the entire spray pattern. For most 
of the sampling methods, however, and for the photographic method in 
particular, sampling all of the spray from an atomizer would involve 
a large number of in.dividual samples and would most certainly be 
prohibitive in both time and money. Since most atomizers are designed 
to produce symmetrical spray patterns, using this pattern symmetry 
would greatly reduce the sampling effort with little or no reduction 
in sampling accuracy. However, pattern symmetry would need to be 
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ascertained since very subtle irregularities in symmetrical orifices 
can produce relatively large changes in the spray pattern. 
Samplin.g Location and Distance 
Fan nozzles characteristically produce an elliptical wetted 
pattern on a surface perpendicular to the nozzle axis. For the 
nozzle selected, acceptable pattern symmetry was established by: 
1. Stroboscopic observation for irregularities in the liquid 
configuration as it emerged from the orifice and disinte-
grated., 
2. Examination of the synmi.etrical wetted pattern produced when 
spraying onto an absorbant surface. 
Pattern symmetry having been established, samples could then be 
taken in one of the quadrants to completely describe the atomization 
pattern of the nozzle. 
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At some distance from an atOlllizer, the spray cloud :may be 
considered to be in a relatively stabilized condition, i.e., the 
major changes in drop velocity have occurred1} the atom.izat.ien process 
has been completed (sheet 0 ligament breakup and any subsequent liquid= 
air impaction breakup) and the atomized particles have had time to 
reach a relatively stable shape configuration. Sampling in this zone 
might provide the most meaningful information. concerni11g the trtl!.e 
nature of the drop distributions. The distance from the atimnizer 
to the sampling zone would vary depending upon the liquid pressurre, 
atomizer type, and liquid physical properties. Further, drop 
dispersion is a function of distance from the atomizer and must be 
considered to obtain a satisfactory drop concentration for a sample. 
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Rather than conduct an experiment which would include all of the 
variables over all of the ranges that might be encountered in the 
future to be able to predict a desired sampling distance for any set 
of conditions,. the f01lowing procedure was developed and followed to 
establish a desired sampling distance for each nozzle test condition: 
1. · Adjust spraying system to desired test conditions. 
2. Using a stroboscope, examine the spray pattern and locate 
an area where atomization appears complete, i.e., where 
drop shapes appear relatively stabilized. 
3. Starting from this point, take a series of replicated double 
exposure samples along a d.rop stream (where large drops are 
seen or are presumed to be) at intervals of one inch until 
dispersion causes the sample drop concentration to become 
unacceptable. 
4. A first estimate of an appropriate sampling distance can be 
made by examining the drop velocity data to locate a sampling 
distance where the smaller drops have undergone major 
velocity changes. Adjustments to this estimate can then be 
made based on visual assessment of the drop velocity sample 
negatives for a sampling distance where both drop shape 
stability and the number of drops per sample are acceptable. 
The nozzle orifice was positioned at the desired sampling distance 
vertically above the centerline of the camera. The nozzle was also 
positioned in the holder so the orifice would remain stationary with 
respect to the camera to provide a constant sampli11g distance for 
varying angular movements of the nozzle body. The plane containing 
the liquid sheet emerging from the nozzle was adjusted perpendicular 
to the camera axis and was carefully positioned in the plane of best 
focus. 
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A sampling pattern was established for one quadrant of the spray 
pattern from the nozzle for each test condition. Limits 0£ the spray 
sampling pattern were determined by angular movement of the nozzle 
body in a plane perpendicular to and in a vertical plane passing 
through the camera axis until no drops appeared on the camera viewing 
screen under stroboscopic illumination. Since examination of the break-
up of the liquid filament near the edge of the spray pattern was of 
great interest, this position was noted and arranged so that in 
sampling, drop images from this part of the spray would appear in 
focus at the center of a sample negative. 
Two test conditions were established for sampling the drop size 
distributions occurring in a fan spray: 
1. Tap water (with one per cent nigrosine dye to make the 
drops opaque) at 40 pounds per square inch pressure. 
2. Number two diesel fuel at 20 pounds per square inch pressure. 
Both liquids selected for these test conditions were common spray 
carrier materials. The operating pressures were established to repre• 
sent typical operating pressures for these liquids and this nozzle. 
Measured values of surface tension and relative viscosity for the 
liquids can be found in Appendix A-II. A sampling distance and 
sampling pattern was determined for each test condition. 
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From a stroboscopic examination of the atomization, it appeared 
that the atomization of the water was complete at abeut two inches 
from the orifice. Starting at this point, replicated double exposure 
samples were taken along a drop stream to assist in establishing a 
desirable sampling distance. Samples -were taken at distances of 1.5, 
2.5, 3.5, 4.5, 5.5, 605, 8.5, 10.S and 12.5 inches from the orifice 
with the nozzle body inclined 15 degrees from vertical in a vertical 
plane perpendicular to the camera axis. For this test condition, 
the camera was adjusted t@ provide a magnification of 10. The delay 
between flashes was adju.sted to 25 microseconds f@r the double 
eJ~posure samples. 
The limits of the spray pattern of the nozzle when positioned 
at the desired sampling distan.ee ef six inches (see Chapter VII) 
ab0ve the centerline of the camera were observed when the nozzle was 
inclined 30 degrees from vertical in a vertical plane perpendicular 
to the camera axis and 12 degrees from vertical in a vertical plane 
passing through the camera axis. When the nozzle was inclined at 
25 degrees the drops formed from the breakup of the liquid filament 
on the edge of the pattern appeared approximately in the center of 
the viewing screen. 
The fine grid wire silhouettes that appeared on the sample 
negatives provided a convenient area four inches wide and two inches 
high for scanning. At a camera magnification of ten, the area in the 
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spray sampled was 0.4 x 0,2 inches. At this magnification and with 
the lens iris adjusted to £/16, the effective depth of field was 
calculated and measured to be 0,045 inches. Thus, the spray drops 
occurring in a space measuring 0,4 x 0.2 x 0,045 inches were photo• 
graphed for measurement. 
From the spray pattern limits and the dimensions of the space 
volume sampled, the sampling pattern for one quadrant of the water 
spray containing 32 positions was established (Figs, 11 and 12). 
Sampling position number one was established with the nozzle body 
axis vertical and positioned to intersect the camera axis at the 
plane of best focus. From this positiott,. rotation of the nozzle 
body axis through 5° in a vertical plane perpendicular to the camera 
axis caused sampling position number two te· be oriented for sampling 
(photographing). Movement of the nozzle axis in 5° increments in 
this same plane caused positions 2, 3, 4, S, 6, and 7 to be oriented 
for sampling, Other rows of sampling positions were oriented for 
sampling by rotating the nozzle axis through 3° increments in a 
vertical plane containing the camera axis. 
The sampling distance and pattern was established for the diesel 
fuel spray in a similar manner. Replicated double exposure samples 
were taken along a drop stream at 3, 4 and 5 inches from the orifice 
with the nozzle body inclined 10 degrees from vertical in a vertical 
plane perpendicular to the camera axis. For this test condition, the 
camera was adjusted to a magnification af s.o. The delay between 
flashes for the double exposure samples was 25 microseconds. 
611 radius 
Fig. 11. Sampling Pattern for Water at 40' psi. .• 
Nozzle Body Axis 
(6 11 radius) 
Fig. 12. Position of Adjacent Sampling Zones - Water. at 
40 psi.. 
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The angular limits of the diesel fuel spray pattern when posi• 
tioned four inches above the centerline of the camera (the de.sired 
sampling distance• see Chapter VII) were observed when the nozzle 
body was inclined about 25 degrees from vertical in a vertical plane 
perpendicular to the camera axis and at 18 degrees from vertical in 
a vertical plane along the camera axis. The breakup of the edge of 
the spray pattern appeared in the center of the viewing screen when 
the body was inclined at 18 degrees from vertical in a vertical 
plane perpendicular to the camera axis. At a camera magnification 
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of eight, considering a four inch by two inch negative scanning area, 
the area of spray sampled measured 0.5 by 0.25 inches. The change in 
camera magnification did not measurably change the effective field 
depth. Thus, the spray drops occurring in a space measuring o.s by 
0.25 by 0~045 inches were photographed for measurement. 
From the spray pattern limits and the dimensiens of the space 
volume sampled, the sampling pattern for one quadrant of the diesel 
fuel spray containing 32 positions was established (Figs. 13 and 14). 
As with the other test condition, the sampling positions were 
0 obtained by retating the nozzle body axis in 6 increments in a 
vertical plane perpendicular to the camera axis and in 3° increments 
in a vertical plane containing the camera axis. 
Fer both test conditions, sampling locations in the pattern were 
considered sufficiently close to provide continuous information 
concerning changes in distributions from one part of the pattern to 
another. Particular care was taken to locate the sampling position 
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Orifice 
Fig. 13. Sampling Pattern f0r Diesel Fuel at 20 psi. 
Orifice 
Fig. 14. Position of Adjacent Sampling Zones~Diesel Fuel at 20 psi. 
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where a great change was expected, i.e., the breakup of the liquid 
filaments at the edge of the liquid sheet. Since a degree of symmetry 
was established and assumed, samples in particular locations in the 
quadrant sampled were considered representative of similar locations 
in the other quadrants. 
The same general procedure was used to arrive at a sampling 
location for the laminar flow jet experiments. In this case, the 
sampling distance was determined solely by stroboscopic examination of 
the jet stream breakup. Many of the smaller drops were observed to 
have appreciable velocity components causing them to move perpendicular 
to the jet axis. Thus, sampling had to occur before these drops were 
able to move out of the focus field of the camera. On the other hand, 
a greater sampling distance would allow more time for the drops to 
assume a stable shape configuration. Since samples of the laminar flow 
jet stream breakup were taken before appreciable drop dispersion had 
occurred, the entire pattern was sampled with one position of the 
orifice with respect to the camera. 
Sample Replication 
A procedure was developed to assist in determining the number ef 
sample replications necessary to establish a reasonable level of 
confidence in the data. 
It was recognized that the disintegration into drops of a small 
mass of liquid emerging from some part of an orifice at any moment 
was not a predictable processo The effects of liquid and ambient 
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air turbulence, liquid physical properties, orifice configuration and 
other factors on this process have been stated in general terms 
individually but have not been related quantitatively. Unpredictable 
as individual disintegrations may be, predictable atomization. patterns 
for all of the liquid from an orifice can be established. The volume 
distribution of a spray nozzle, for example, is easily obtained and 
reproduced. Since this distribution reflects the accumulation of 
drops at different locations in a spray pattern and is, within limits, 
predictable, the variation among the individual disintegrations at a 
particular location would not appear to be unusually large. It is an 
estimation of this variation that is sought to help in determining a 
desired number of sample replications. Because ef the reproducibility 
of the volume distribution from a spray nozzle, it might reasonably 
be assumed that the variations in disintegrations for most locations 
in a spray pattern would not differ greatly. This assumption would 
enable characterizing the disintegration variation of an entire spray 
pattern by samples taken at a single locatien within the pattern. 
Since a sample would consist of a number of drops of different 
sizes, a mean drop diameter might be computed, using data obtained 
from a particular location, that would characterize the atomization 
that had occurred. The mean drop diameters calculated from a number 
of different samples taken at the same location could then be subjected 
to a statistical analysis to obtain an estimate of the population 
standard deviation. Using equation 6-1 (66), the number of samples 
can be calculated that will estimate the true mean for a specified 
allowable error in the mean with a five per cent risk that the error 
will exceed the specified allowable error. 
2 
4S N=r 
N • number of samples 
S = estimate of population standard deviation 
L = allowable error in the sample mean 
6 .. 1 
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Since the volume distribution would be of particular interest in 
subsequent sampling, the volume mean diameter was selected from the 
several mean diameters to characterize the atomization at a particular 
location. For a discrete number of size classes, the volume mean 
diameter is ca.lculated as follows: 
6 - 2 
i • number of size class 
k • number of size classes 
Xi • average diameter of size class 
.,axi • size class increment 
N1 = number of drops in the 1th size class 
For initial sample size determinations with the fan nozzle 
spraying water at 40 pounds per square inch, the number of samples 
taken at a selected location was arbitrarily established as about 15. 
The sampling location for this test condition was also rather arbi-
trarily determined. Samples were taken about 4.25 inches from the 
orifice with the nozzle body inclined 10 degrees from vertical in a 
vertical plane perpendicular to the camera axis. At the time these 
samples were taken, the desired sampling distance had not been 
established and the distance used (4.25 inches) was based entirely 
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on drop shape stability and sample concentration. For the diesel 
fuel at 20 pounds per square inch test condition, the fan nozzle body 
was inclined 10 degrees from vertical in a vertical plane perpendicu-
lar to the camera axis with the samples being taken four inches from 
the orifice. 
Sample replication data was obtained in a similar manner for the 
breakup of laminar flow jet streams. Samples were taken 2,25 inches 
from the Delavan CS•l nozzle (with core removed) operated at three 
pounds per square inch pressure and discharging water herizontaUy. 
Because of the small amount of dispersion that had occurred at this 
sampling distance, the entire pattern was sampled for a single orifice 
position. 
Laminar Flow Jet Dispersion 
All of the drop production methods reviewed allow the fotmation 
of liquid sheets and/or filaments which. upon disintegrating, form a 
range of drop sizes. The extent of the drop size range depends to a 
large degree en the turbulent state of the liquid as it emerges from 
an atomizing device. The use of viscous materials and particulating 
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agents appears to offer the best solution for reducing the small drop 
component of sprays produced under turbulent flow conditions. 
A laminar flow jet stream emerging from a simple circular orifice 
will disintegrate predictably into relatively uniform large drops 
about twice the orifice diameter and a few small drops irregularity 
interspersed between the large drops. The volume of the small drops 
found under laminar flow conditions has been found (65) to be two per 
cent or less of the tGtal volume ef liquid emerging from an orifice. 
The elimination of these small drops from the laminar flow jet break• 
up would result in a spray composed of uniform drops of a predictable 
size. 
The work af Goyer, et. al. (60) would suggest that in passing a 
jet stream through an electric field sufficient electrical charge could 
be induced. on tb.e drops to make electrostatic forces predominate in 
the behavior of .the drops and create a means by which the sma:U drops 
could be separated from the large. Stroboscopic examination of a 
laminar flow jet stream passing through an electric field provided 
the following observations: 
1. Under certain field conditions and position of the jet 
stream in relation to the field, the large and small 
drops could be separated into two distinct drop streams. 
2. Under stroboscopic examination it appeared that the large 
drops were measurably smaller and more uniform in size as 
a result of passing through the electric field. 
3. All drops emerging from the electric field had been charged 
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sufficiently to be mutually repelled and caused a considerable 
increase in the drop dispersion pattern over that pr0du.ced 
by uncharged drops. 
These observations led to the following propositions: 
l. The separation of drops into two size streams would suggest 
one means of removing the small drops. 
2. If in passing through an electric field the atomizatiQn of 
a jet stream was altered to such an extent that drops 
formed were smaller than would normally form, larger orifices 
could be used to produce a given drop size. 
3. The induction of a surface charge of the same polarity on 
all drops in a spray would provide a means of producing a 
degree of dispersion (by mutual repulsion) not possible with 
uncharged drops and would pennit uniform application with 
wider nozzle spacings. 
4. The induction of a surface charge on drops opposite in 
polarity to the majority charge on objects to be sprayed 
would increase the drop impaction efficiency. 
The first three of these propositions were considered as being 
related to the problem of produci-.ng a homogeneous spray. An experiment 
was designed to yield the following inf~rm.ation: 
1. Changes in drop size and uniformity attributed to passing 
a laminar flow jet stream through an electric field •. 
2. The effectiveness of a charged conductor surrounding a 
laminar flQw jet stream in collecting the small dreps 
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created in the breakup. 
3. Changes in the dispersion pattern caused by passing a laminar 
flow jet stream through an electric field. 
The apparatus consisted of a laminar flow circular jet discharging 
horizontally through an insulated cylindrical tube, to which a high 
voltage DC electrode was attached (Figs. 8, 9). Samples were taken as 
the drops emerged fran the tube to determine the size, shape and 
relative quantities of large and small drops. At this sampling 
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location, the drop dispersion was such that the entire atomized stream 
could be sampled in one sampling position. The drops impacting on 
the inside of the tube were also collected to obtain a measure of the 
effectiveness of the tube in collecting the small charge_d drops. 
The following specific test conditions were established: 
1. Horizontal laminar flow jets 250 and 530 microns in 
diameter operated at 3 psi and l psi» respectively, 
atomizing tap water. 
2. Aluminum collector tube 1.25 inches outside diameter, 
1.1875 inches inside diameter, 6 inehes long, with the 
entrance end one inch from the orifice. 
3. Two voltage levels for each orificei O and 1 KV for the 
250 micron orifice; 0 and 2 KV for the 530 micron orifice. 
4. Negative electrode polarity. 
Separate experiments were conducted for the two orifice sizes 
each at two voltage levels. The procedures established for determining 
sample location and replication were followed. Six 30 minute tests 
were made with each orifice using voltage applied to the collector 
tube to determine the amount of liquid collected in the tube and the 
amount passing through the tube. 
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Five tests were made with each orifice, with and without voltage 
applied to the cellector tube, to determine the dispersien patterns e:f 
the charged and uncharged jet streams. The horizontal Grifice axes 
were positioned 24 inches above the catchment surface (Fig. 10) and 
were aligned parallel to the channels. The orifices were located 
20 inches (250 micron orifice at 3 psi) and 9 inches (530 micron 
orifice at 1 psi) horizontally from the ends of the channels. 
Procedure Used in Sampling 
The following general procedure was established for taking 
samples with the photographic apparatus to insure consistency of 
sampling: 
1. Before each test series, check and adjust camera magnifies• 
tion to desired value. 
2. Turn on flash units and allow to warm up. Adjust sensitivity 
and eh.eek consi'stency of flash by triggering units several 
times with camera shutter. 
3. Place liquid in pressure fluid tank, check li<J,uid and air 
connections, and charge storage tank with air from. air 
compressor. 
4. Install atomizer and position for appropriate sampling 
distance. 
s. Position stroboscope for illuminating the sampling area, 
open camera shutter and with system operating at test 
pressure, adjust center of atomizer stream in plane of best 
focus. Olamp in position. 
6. Turn pressure off. Remove extension tubes and cover from 
camera lens and clean lens. Adjust lens iris to proper 
setting and replace extension tubes and cover. 
7. Close camera shutter and remove stroboscope. 
8. Adjust flash delay if needed. 
9. Turn pressure on and adjust to test pressure. 
10. Adjust atomizer to desired sampling location position. 
11. Insert film holder in camera and remove dark slide. 
12. Record film holder number and test condition. 
13. Check nozzle pressure and other test conditions, remove 
extension tube cover, take picture, replace extension tube 
cover, replace dark slide. (At the very beginning of each 
test series, the photographic process was checked using 
Polaroid film.) 
14. Turn pressure off. 
15. Repeat steps 8 - 14 for all samples taken in ea.ch s-ries. 
16. After each six photographs, turn off pressure and clean 
camera lens. 
17. Recharge air storage tank from compressor when pressure 
drops below 50 pounds peT square inch. 
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CHAPTER VII 
PRESENTATION AND ANALYSIS OF DATA 
Sampling Location and Distance 
One of the factors given consideration in the selection of a 
desirable sampling distance was the drop velocity as related to 
distance from. the orifice. Tables I and II show the average drop 
velocities for the fan nozzle test conditions. The numbers shown 
for each sampling distance are averages of the velocities for each 
drop size class found on from four to six negatives. Drop velocities 
were obtained from the original data (Appendix C) using the following 
formula: 
7 • 1 
V = average drop velocity (cm/sec) 
GM= drop movement (comparator grid chart reading) 
GC = grid chart constant (mm/grid chart unit) 
D = flash delay (microseconds) 
Mt = camera magnification 
Mi ~ comparator magnification 
The average velocities meas~red nearest the orifice correspond 
to calculated values oit the theoretical velocity of discharge from 
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TABLE I 
.AVERAGE DROP VELOCITIES (CM/SEC) AT VARYING DISTANCES FRQ1 ClUFICE - WATER AT 40 PSI 
DELAVAN FS•2•65° 
Drop Size Range Distance from Orifice (inches) 
(Microns) 1.s 2.5 3.5 4.5 5.5 6.5 8.5 10.5 12.5 
1-25 * * 340 320 * * 280 * * 26-50 1419 849 503 421 310 320 257 160 40 
51-75 1720 1109 780 667 480 287 230 187 zoo 
76 .. 100 1706 1428 1240 1104 * 487 256 120 240 101-125 1776 * 1280 1013 960 907 667 * * 126-150 1768 1609 1600 1300 * 1000 720 536 * 151-175 1840 1800 1520 1450 1200 * * * * 176-200 1747 1800 * 1480 1540 * * * * 201-225 1600 * * * * * * * * 226-250 1760 1640 * * * * * * * 251-275 * 1840 * * * * * * * 




AVERAGE DROP VELOCITIES (CM/SEC) AT VARYING DISTANCES 
FRct! ORIFICE• DIESEL FUEL AT 20 PSI 
DELAVAN FS·2·658 
Drep Size Range Distance Fran Orifice (inches) 
(Microns) 3 4 5 
1-2·5 1467 * 550 26·50 1243 386 411 
51-75 1321 588 525 
76-100 1443 880 655 
101-125 1350 992 813 
126-150 1371 1065 942 
151-175 1229 1467 1000 
176-200 1100 * 1300 
* Ne drops were found for velocity measurement. 
74 
75 
an orifice. It shei>uld be noted that an attempt was made to measure 
only those drop pairs on the double exposure negatives appearing to be 
in the same degree of focus. Drops having appreciable velocity 
components perpendicular to the camera plane of best focus would move 
toward or away from the plane of best focus during the double exposure 
interval and cause a change in the sharpness of the image from one 
exposure to the next. Velocity measurements made from the negatives 
without regard for change in image sharpness would tend to under• 
estimate the actual drop velocity. 
Incomplete data on the velocities of the drops, particularly the 
larger drops at the greater distances, was due to the low frequency of 
occurrence of certain drop sizes in the distribution and the dispersion 
of the spray which reduced the number of drops photographed per sample. 
An inspection. of the velocity data for water at 40 psi (Table I) 
showed that major changes in drop velocity for most drop sizes had 
occurred at 4.5 to s.s inches from. the 0rifiee. However, at these 
distances the drops had not yet assumed a shape configuration suitable 
for accurate size measuremento An inspection of the sample negatives 
showed that at 5.5 to 6.5 inches, the drop images had assumed a 
circular shape an.d were sufficiently stabilized for measurement. 
Also, at sampling distances greater than 6.5 inches, the number of 
drops occurring in each sample was considered inadequate to obtain a 
representative sample of the spray at a particular location without 
requiring a large number of sample replications. Since the spray 
drops appeared to be in a relatively stable condition at 5.5 to 6.5 
76 
inches and the drop concentration per negative was considered acceptable, 
a sampling distance of six inches was selected for the water spray at 
40 psi. This distance was considered the maximum distance to provide 
an acceptable number of drops per sample and the minimum distance that 
would provide acceptable drop shape stability under these conditions. 
The desired sampling distance for the diesel fuel spray was 
establishecl in a similar manner. From an inspection of the diesel 
fuel velocity data (Table II) and a visual assessment of the drop 
configuration and concentration. from the sample negatives, :four 
inches was selected as an appropriate sampling distance for the diesel 
fuel spray at 20 psi. 
Sample Replication 
The volume mean drop diameters calculated from 15 samples taken 
at the same location in the pattern of the fan nozzle spraying water 
at 40 psi are shown in Table III. Each volume mean diameter was 
calculated from all of the measurable drop images found on. a single 
sample negative (.Appendix D)., The d.rop images appearing on each 
negative were sorted into 25 micr0n size classes, i.e., 1 .. 25, 26-50, 
51-75, etc. Since the smallest drop that could be measured was 
approximately 12.5 microns in diameter, two times the smallest drop 
size was considered a reasonable drop size range. Equation 6•2 was 
used to calculate the volume mean diamete~s. 
The standard deviation for these mean diametars was calculated 
to be 10.8 microns. T11is value was used as an estimate of the 
TABLE III 
,, 











































population standard deviation in equation 6 .. 1 to calculate the number 
of replications for a specified allowable error in the sample mean. 
The selection of an allowable error in the sample mean was a 
rather arbitrary proposition. However, based on the limits of drop 
size measurement, the rather arbitrary size class increments 
established, and considering the coefficient of variation (14.3%), 
an estimation of the true volume mean diameter within±12 microns 
(about half the size class increment) was not considered an unreason• 
able choice. For these values the minimum number of replications was 
calculated to be four. 
Similar consideration and treatment was given to the volume 
mean diameters calculated from 14 samples taken at the same location 
in the pattern of the same fan nozzle spraying diesel fuel at 20 psi 
('fable IV). Although the volume mean diameter averaged. about 10 
microns smaller tkan for water, the standard. deviation (9.5-micrcms) 
and the coefficient of variation (14.7%) were almost the same as for 
water. With an allowable error in the sample mean of ±12 microns, 
and an estimate of the population standard deviation of 9.5 microns, 
the minimum number of replications was calculated to be three. 
Eight samples were taken of the atomization of a laminar flow 
jet stream to provide an estimate of the number of .replications for 
these experiments. The data taken for the Delavan CS-1 nozzle (with 
core removed) discharging water at 3 psi is summarized in Table v. 
Considering this spray to be composed of essentially two drop 
sizes (large and small drops) and because of the small influence of 
TABLE IV 
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AVERAGE DIAMETERS AND 'NUMBERS OF DR,OPS FR01 LAMINAR 
FLCM JET (DELAVAN cs-1 AT. 3 .PSI) 
Negative Av,. Drop Dia. (Microns) No. Drops Per Sample 
Number Large Small Large Sm.all 
1 580,5 9 0 
2 584.1 8 0 
3 582.1 21.2,4 8 1 
4 6'0.5. 9 204.l 8 2 
5 634.0 124.9 8 1 
6 578.6 143.7 9 2 
7 592.9 143.7 1 2 
8 586.0 a· 0 




the small drops on the volume mean diameter, the length mean diameters 
of the large drops were used in the estimation of the number of repli• 
cations (the volume mean diameter reduces to a length mean diameter 
when there is but one drop size class). 
The standard deviation for the length mean diametera of the large 
dt:ops was calculated to be 18. 7 microns. With. an allowable. error in 
the sample mean of :!12 microns• the minimum n•ber of replications was 
established as nine. 
Drop Size Distributions in a Fan Spray 
The spray from one section of a fan nozz·le pattern was sampled 
for the drops eccurring tn tbe spray. these data were used: 
l. To describe the spray characteristics in a fan spray. 
2. To locate sampling positions in the spray pattern 
where the drop distributions would be characteristic of 
the drop distributions of the entire spray pattern. 
Original data for the two sampling conditions (water at 40 psi 
and diesel fuel at 20 psi) are presented in Appendix E. The number 
of drops found in each of the 20 size classes for 32 sampling 
locations are also presented in tabular form in Appendix E. The range 
of drop sizes for each size class is shown in Table VI. 
The cumulative volume distributions for each sampling position 
in the wate.r and diesel fuel sprays are presented in Figs. 15 te 26. 
Superimposed on each graph is a composite cumulative distribution 
whicn includes all of the drops found in all of the sampling positions 
TABLE VI 
THE RANGE IN DROP SIZES FOR TF.E 20 SIZE CLASSES USED 




























76 .. 100 
101-125 
126 .. 150 
151-175 















for each test condition. The composite cumulative volume distributions 
shown in tabular form in Table VII were considered representative of 
the entire spray. No attempt was made to fit a particular distribut:ten 
function to these data. The graphs are presented to show the nature 
of the distributions from point to point in the spray pattern. 
The volume mean diameters were calculated for each sampling 
position for both test conditions and are presented in Tables VIII 
and IX. The numbers are arrayed in the tables in the same relative 
position as in the sampling pattern (see Figs. 11 and 13). 
Reference to the cumulative distributions anti volume mean 
diameters showed that large changes in the drop distributions aid not 
occur over most of the spray pattern for the fan nozzle. Around the 
outside edge of the pattern, however, the range in drop sizes was 
smaller and the volume mean diameter tended to be slightly larger 
than at positions in the central portion of the pattern. In one 
sampling area (positions 6, 7, 13, 14 for the water data and position 
4 for the diesel fuel data) relatively large drops were found. Because 
ef their size, even though. the numbers were small, these large dreps 
represented a sizable fraction of the total volume of the spray. 
Large volume mean diameters were calculated fer several etller sampling 
positions near the edge of the pattern, especially for the water data. 
These large mean diameters were generally the result of a large drop 
' 'being found in samples cQlltaining a small number of smaller drop sizes. 
The calculated volume mean diameter for these samples would, then, be 
very nearly the diameter of the large drop measured in the sample. 
TABLE VII 
CCMFOSITE CUMULATIVE VOLUME DISTRIBUTIWS FOR FAN 
NOZZLE TEST CONDITIONS.·. 
Drop Size . % by Volume Smaller Than Size Class 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
Size Class 
Fig. 15. CUmulative Volume Distributions (Positions 1-7) 
for Water at 40 psi. 
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Fig. 16. Cumulative Vol~e Distributions (Positions 8 .. 14) 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
Size Class 
Fig. 17. Cumulative Volume Distributions (Positions 15.,,21) 















1 2 3 4 5 6 7 8 9 10 11 12 13 
Size Class 
Fig. 18. Cumu.lative Volume Distributions (Positioas 22 .. 27) 










































6 7 8 9 
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10 11 12 13 
Fig. 19. Cumulative Volume Distributions (Positions 28 .. 32) 
for Water at 40 psi. 
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Fig. 20. Cumulative Volume Distributions (Positions 1=5) for-Diesel Fuel at 20 psi. 
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Fig. :u. Cumulative Volume Distributions (Positions 6=10) for Diesel Fuel at 20 psi. 
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Fig., 24. Cumulative Volume Distributions (Positions 21-24) for Diesel Fuel at 20 psi. 
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VOLUME ME.AN DROP DIAMETERS FOR EACH SAMPLING POSITI<lf - WADR AT 40· PSI 
MEAN DI~RS IN MICR(6S 
Mean Samp. Mean. Sam.p .. Mean Samp. Mean Samp. Mean 
Dia •. Pos. Dia. Pos .. ·»1a. Pos. Dia. Pos. Dia. 
84.9 8 80.2 15 11.0 22 95.1 28 161.6 
69 .. 5 9 76.5 16. 71.9 23 71.0 ~9 75.8 
81.4 10 87.2 17 78.1 24 100.s 30 89.6 
87.0 11 87.9 18 102.9 25 117.0 31 146.7 
83.3 12 99.5 19 102.7 26 109.5 32 82.0 
104 .. 5 13 114.9 20 103.5 27 94.4 










VOLUME MEAN DROP DIAMETERS FOR EACH SAMPLING POSITIOO - DIESEL FUEL AT 20 PSI 
MEAN DIAMETERS IN MICROOS . 
Mean Samp. Mean Samp. Mean Samp. Mean Samp. Mean Samp. Mean Samp. 
Dia. Pos. Dia. Pos. Dia. Pos. Dia. Pos. Dia. Pos. Dia. Pos. 
68 .. 2 6 79.4 11 59.2 16 68.7 21 70.l 25 81.4 29 
59.9 7 60.S 12 60.5 17 64.4 22 75.2 26 74.0 30 
73.7 8 67.6 13 70.6 18 73.7 23 71.7 27 71.2 31 
225.1 9 77.9 14 65.9 19 74.8 24 74.5 28 61.4 32 










Variation in the distributions from point to point in the water 
spray appeared to be greater than that for the diesel fuel spray. 
This was apparently due to the increased liquid velocity and turbu-
lence which caused the water to atomize and disperse in a more 
unpredictable manner. 
Little or no treatment was given to other types of distributions 
(length, surface, surface-length, surface-volume, etc.) i n this 
analysis, although for certain applications one or more of these might 
be appropriate. 
An analysis was made of the volume distribution data to locate 
sampling positions in the fan spray pattern that would produce 
distributions similar to that of the entire spray. 
The composite cumulative volume distributions shown in Table VII 
were compared with the cumulative volume distributions at each 
sampling position. For each sampling position a linear regression was 
made (composite cumulative distribution as the independent variable) to 
determine the regression coefficient (slope) of a least squares straight 
line that passed through the origin. The regression coefficient for 
this special case was calculated by: 
where: 
b • regression coefficient 
X = independent variable(composite cumulative distribution) 
Y = dependent variable(cumulative distribution for given 
sampling position) 
100 
For each sampling position a correlation coefficient was also 
calculated to indicate the perfection with which the particular 
straight line represertted the data: 
where: 
r = correlation coefficient 
X ~ independent variable 
Y = dependent variable 
The regression and correlation coefficients for both test con-
ditions are presented in Table X. A sampling position that was highly 
representative of the composite distribution had a regression eoeffic-
ient of 1.0 and a correlation coefficient of l.O. From Table X, 
sampling positions for both test conditions were selected where the 
regression coefficients and the correlation coefficients were very 
nearly l.O. These most desirable sampling locations for the water 
data were positions 4, 6, 8, 11 or 13. For the diesel fuel data, 
positions 1, 3, 4 or 6 were the most desirable. For both test con-
ditions, these most desirable sampling areas occurred in approximately 
the same positions in t he f an spray pat t ern and were located at or 
near the sampling positions where the rela t ively large drops were 
found. Samples taken at these positions would provide the best 





































REGRESS!Cfi AND CORRELATION COEFFICIENTS FCR 
FAN SPRAY DATA 
Water at 40 psi Diesel Fuel at 20 psi 
b r b r 
.811 .982 1. 791 .989 
1.570 .998 2.284 .989 
1.018 .995 1.818 .983 
1.000 .993 .592 .860 
1.213 .991 2.917 .999 
.966 .994 1.656 .987 
.783 .970 2.232 .997 
.979 .991 2.224 .998 
1.256 .994 2~194 .995 
1.242 .992 3.320 .998 
l.071 .985 2.302 .997 
.658 .955 2.585 .998 
1.099 .969 2.126 .992 
.751 .948 3.149 .997 
1.883 .998 3.607 .992 
1.828 .999 1.781 .988 
2.239 .993 2.358 .997 
.741 .968 1.982 .992 
.990 .961 2.503 .998 
1.354 .976 2.246 .985 
3.214 .976 2. 716 .99·8 
1.278 .957 2.650 .998 
1.363 .976 2.673 .998 
.ass .978 2.758 .987 
.760 .957 2.563 .996 
1.128 .974 2.630 .994 
1.522 .962 3.189 .995 
.514 .813 4.408 .998 
1.993 .984 3.003 .991 
1.448 .968 3.040 .988 
.601 .883 2.685 .990 
1.800 .946 2.545 .988 
101 
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Analysis of the Replication Selection Procedure 
The sampling pattern data obtained froo:i. the fan nozzle, based on 
the number of sample replications previously determined, was analyzed 
to ascertain the validity of the replication selection procedure and 
to examine the variation of the standard deviations in the mean drop 
sizes from point to point in the spray pattern. 
The volume mean drop diameter was calculated for each replication 
and each sampling position. The standard deviati0n for the replica-
tion volume mean diameters was then calculated for each sampling 
position. Assuming an allowable error in the sample mean of f12 
microns, the number of replications required at each sampling position 
was then determin.ed. The results are summarized in Tables XI and 
XII. 
The number of replications selected for sampling the water 
spray at 40 psi was probably inadequate based on the results in 
Table XI. The average standard deviation of the mean drop diameters 
for all the sampling positions was about three times the standard 
deviation of the mean drop diameters for the single sampling position 
upon which the replication number was based. The standard deviation 
varied widely in magnitude for the diff~rent sampling positions. 
However, the large variations in the standard deviation occurred in 
those sampling positions where either a few extremely large drops 
were found or where drop concentration (drops per sample) was very 




































VOLUME MEAN DIAMETERS AND STANDARD DEVIATIONS FOR 
SAMPLE REPLICATIC!il DATA 
WATER AT 40 PSI 
Volume Mean Diameter (Microns) Std. 
Rep. l Rep. 2 Rep. 3 Rep. 4 Ave. Dev. 
109.0 80.9 53.3 55.9 74.8 26.0 
78.5 51.6 81.6 37.4 62.3 21.3 
90.1 55.1 54.8 118.2 79.5 30.6 
75.9 114.8 69.2 61.5 80.4 23.7 
64.1 110.9 72.7 96.5 86.0 21.5 
98.6 114.3 83.0 107.5 100.9 13.5 
140.2 84.2 92.8 153.6 117.7 34.3 
68.9 62.5 188.5 87.6 101.9 58.6 
70.l 88.9 71.4 75.5 76.5 8.6 
93.4 95.2 70.1 73.3 83.0 13.1 
73.4 93.1 49.2 113.3 82.2 27.3 
67.2 144.4 85.3 51.9 87.2 40.5 
104.2 126.3 116.0 124.9 117 .9 10.1 
107.0 92.8 108.1 152.4 115.1 25.8 
69.6 80.9 72.6 84.8 77.0 7.1 
83.9 64.5 78.1 61.9 72.1 10.6 
85.9 74.2 68.9 72.8 75.4 7.3 
136.1 65.5 48.3 66.5 79.l 38.9 
118.1 .o 97.6 89.2 76.2 52.2 
103.9 109.8 .o 97.2 77.7 52.1 
30.1 .o 71.2 80.8 45.5 37.4 
93.1 85.1 101.5 137 .4 104.3 23.0 
65.5 87.4 43.0 106.9 75.7 27.6 
73.l 77.0 140.6 68.7 89.8 34.0 
81.5 237.4 97.2 112.4 132.2 71.3 
,98.2 101.5 140.1 86.4 106.5 23.2 
94.2 71.2 112.4 101.5 94.8 17.4 
175.5 .o 87.4 .o 65.7 84.0 
71.6 112.4 52.9 77.7 78.7 24.8 
63.6 112.4 74.8 112.4 90.8 25.3 
37.4 .o .o 167.6 51.2 79.5 








































































VOLUME MEAN DIAMETERS AND STANDARD DEVIATIONS FOR 
SAMPLE REPLICATION DATA 
DIESEL FUEL AT 20 PSI 
Volume Mean Diameter (Microns? Std. 
Rep. 1 Rep. 2 Re·p. 3 Rep. 4 Ave. Dev. 
70.0 66.2 65.3 72.1 68.4 3.2 
51.2 50.2 85.1 68.6 63.8 16.5 
83.0 54.5 74.4 67.5 69.8 12.0 
. 189.5 237.2 258.5 267.5 238.2 34.8 
74.0 52.2 57.2 76.0 64.8 11.9 
78.9 65.7 68.3 113. l 81.5 21.8 
55.5 48.7 75.l 70.8 62.5 ' 12.4 
66.7 45.3 80.2 53.8 61.5 15.2 
81.0 58.4 83.l 54.l 69.l 15.0 
71.2 62.5 70.9 58.l 65.7 6.4 
48.8 57.3 69.l 65.3 60.l 8.9 
62.4 50.7 62.8 66.9 60.7 6.9 
72.8 80.7 76.l 47.9 69.4 14.6 
67.6 54.2 77 .2 53.9 63.2 11.2 
63.l 61. 7 56.0 56.6 59.4 3.5 
66.0 49.2 80.0 61 •. 0 64.0 12.7 
64.5 68.8 56.0 67.5 64.2 5.7 
64.5 79.8 81.l 69.8 73.8 7.9 
74.8 94.5 61.1 67.0 74.3 14.5 
90.5 50.6 68.0 69.0 69.5 16.3\ 
73.7 72.4 65.4 63.2 68.7 5. f 
77 .6 57.3 88.8 71.0 73.7 13.l 
77 .3 64.8 73.2 63.8 69.8 6.5 
69.0 84.0 88.2 61.2 75.6 12.6 
73.8 94.6 84.8 93.2 86.6 9.5 
75.5 64,.8 74.9 74.0 72.3 5.0 
73. 7 67.6 67. 7 75.5 71.1 4.0 
62.9 62.4 67 .3 43 • .5 59.0 10.5 
71.0 86.5 70.7 12.4 60.2 32.6 
78.6 72.8 76.9 55.9 71.0 10.3 
79.0 61.5 83.9 61.6 71.5 11.6 
81.0 53.3 76.4 62.4 68.3 12.7 
104 
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the previously mentioned conditions did not exist were considered to 
have sufficient uniformity to justify the original assumption. 
The number of replications selected for sampling the diesel fuel 
spray at 20 psi appeared satisfactory as shown in Table XII. The 
average standard deviation of the mean drop diameters for all sampling 
positions was about the same as for the single sampling position. 
Further, with few exceptions, the standard deviation was relatively 
invariant for the different sampling positions •. As with the water 
spray data, in positions where either extremely large drops were found 
or where the drop concentration was small, the standard deviation 
became rather large. 
Electrostatic Dispersion of Laminar Flow J et Streams 
The atomization characteristics of the laminar f low jets with 
and without voltage applied to a tube surrounding the jet streams are 
sU11DDarized in Tables XIII, XIV, XV and XVI. The original data for 
this section may be found in Appendix B. Since the effect of the 
charged collector tube on the large dr op size and uniformity was of 
particular interest, the sample mean large drop diameters for both 
test conditions were compared using a two group analysis. The 
statistical calculations are present ed in Tabl e s XVI I and XVIII. 
No significant difference was f ound bet ween the means of the 
large drops frem the Delavan CS-1 orifice for the two treatments. 
It should be noted , however, that consider able di f ference is shown in 






















SPRAY CHARACTERISTICS FOR DELAVAN cs-1 ORIFICE 
NO VOLTAGE 
Ave. Drop Dia. (Microns) No. Drops Per Samp. 
Large Small Large Small 
515.5 11 0 
523.4 18.7 9 l 
562.2 9 0 
518.6 19.9 11 l 
555.2 9 0 
563.3 14.9 9 2 
544.2 12 0 
579.5 18.7 9 l 
537.2 10 0 
531.7 10 l 
531.2 16.2 11 1 
524.0 10 0 
561.5 9 0 
534.0 11 0 
566.2 16.2 9 l 
532.l 21.2 11 l 
538.4 10 0 





















Average 540. 3 17.6 10 0.5 .999 
* Volume Fraction• Volume of Large Drops 
Total Volume of Large and Small Drops 
** Number Fraction• Number of Large Drops 
























SPRAY CHARACTERISTICS FOR DELAVAN cs-1 ORIFICE 
ONE KILOVOLT PO!ENTIAL ON TUBE 
Negative Ave. Drop Dia. (Microns) No. Drops Per Sample 
Number Large Small* Large Small 
19 517.2 11 0 
20 527.3 9 0 
21 484.2 10 0 
22 555.4 9 0 
24 511.0 10 0 
25 606.1 6 0 
26 522.9 10 0 
27 499.6 11 0 
28 576.4 8 0 
29 509.9 10 0 
30 538.4 11 0 
31 548.0 8 0 
32 535.5 9 0 
33 540.4 8 0 
34 539.7 8 0 
35 538.4 8 0 
36 570.7 9 0 
Average 536.5 9.1 0 























SPRAY CHARACTERISTICS FOR SPRAYING SYSTEMS X-1 ORIFICE 
NO VOLTAGE 
Ave. Drop Dia. (Microns) No. Drops Per Samp. Vol. 
Large Small Large Small Fr. * 
1138.8 249.9 4 . L .997 
1100.1 306.2 5 2 .991 
964.4 17.4 5 3 .999 
1044.2 299.9 5 2 .989 
1109.9 21.2 4 4 .999 
1218.4 337.2 3 2 .986 
1136.3 287.4 4 1 .996 
1127 .2 159.3 4 2 .995 
1114.6 299.9 4 1 .995 
1167 .8 233.3 4 3 .991 
1124.0 249.9 6 1 .998 
1125.4 299.5 5 3 .988 
1151.1 249.9 5 1 .998 
1110.6 236.6 3 3 .980 
1216.5 159.9 3 2 .995 
1064.7 287.4 4 1 .995 
1069.3 320.7 5 1 .994 
1019.4 312.4 5 1 .994 
Average 1111.3 212.6 4.3 1.9 .993 
* Volume Fraction= Volume of Large Drops 
Total Volume of Large and Small Drops 
** Number Fraction= Number of Large Drops 
Total Number of Large and Small Drops 
108 
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SPRAY CHARACTERISTICS FOR SPRAYING SYSTEMS X-1 ORIFICE 
TWO KILOVOLTS POTENTIAL ON TUBE 
Negative Ave. Drop Dia. (Microns) 















































































* No small drops were found on the negatives 
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TABLE XVII 







tcalc = 0.44 
33 
t 05 = 2.03 








ANALYSIS OJ!' SPRAYING SYSTEMS X•l LAMINAR FL<li JET DATA AS 
TWO R.ANDCMIZED GROUPS 
Mean Drop Dia. 
Treat.Slent d. f. (Microns) SS Variance 
2 Kilovolts 17 1063.S 54,595.5 3211.5 
N0 Voltage 17 1111.3 . 67,896.3 3993.9 
34 
t 05 = 2 .• 03 
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the charged drops was less than that of the uncharged drops. 
The group large drop diameter means from the Spraying Systems 
X-1 orifice were considered to be different for the probability (95%) 
selected. In this instance, the drops produced in the charged stream 
were smaller and, judging from the variance, were more uniform in 
size than their counterparts im the uncharged stream. 
These data would appear somewhat conflicting, and are, in part, 
contrary to preliminary observations of the phenomenon. The exact 
effects of a charged field on the atomization process are not known. 
However, the general effect of an induced charge on the surface of a 
liquid would be to cause forces (repulsion between charges on the 
liquid surface) opposing liquid surface tension. The smaller diameter 
liquid column emerging from the Delavan CS-1 orifice and the resulting 
relatively small drops (small mass and surface area) would likely be 
affected by the electrical charges to a greater degree than the rather 
large liquid column and drops formed from the larger orifice. 
Representative samples of the charged and uncharged drops are 
shown in Figs. 27, 28, 29, and 30. The charged drops (Figs. 28 and 
30) have dispersed to a much greater degree than their uncharged 
counterparts (Figs. 27 and 29) and would appear to be more uniform 
in size and shape. At thi s sampling di stance the larger drops had 
not yet had time to become shape stabilized. However, at larger 
distances greater dispersion would have caused some of the drops to 
pass out of the field of focus before sampling. 










Fig. 27. Uncharged Jet Stream Breakup, Delavan CS-1 















e . 0 Microns 
Fig. 28. Dispersion of Jet Stream from Delavan CS-1 Orifice at 
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Fig. 29. Uncharged Jet Stream Breakup, SpTaying 
Systems X•l at 1 psi. 
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Fig. 30. Dispersion of Jet Stream from Spraying Systems X·l 




per sample in the charged stream. Since the orifice flow rate and 
drop sizes were essentially unchanged for both test conditions, it is 
suggested that the induced charge created sufficient dispersion within 
the tube to cause an occasional large drop (smaller than average size) 
to impact on the inner surface of the collector tube. The Spraying 
Systems X-1 data shows an increase of about one drop per sample in 
the charged stream compared with the uncharged stream. However, to 
maintain the same flow rate, more smaller drops would need to be present. 
The drop collection data is swnmarized in Table XIX. No small 
drops were found in any of the samples when the collector tube was 
charged. Thus, for the condition of the test, the charged collector 
tube was extremely effective in eliminating the small drop component 
from the spray. The amount of liquid collected from the tube corres-
ponds closely with the relative small drop volume found in the uncharged 
streams. For the Delavan CS-1 orifice, the (large) drops passing out 
of the charged collector tube represented 99.17 per cent of the total 
volume collected whereas in the uncharged stream the large drops 
represented 99.9 per cent of the total volume. Similar results were 
obtained from the Spraying Systems X-1 orifice with the charged tube 
collecting 1.04 per cent of the liquid discharged by the orifice. 
The small drop component of the uncharged stream was 0.70 per cent of 
the total volume. For both orifices, some liquid in excess of the 
volume represented by the small drops was apparently collected on the 
inside of the charged tube. 
TABLE XIX 
DROP COLLECTION ON CHARGED TUBE SURROUNDING LAMINAR 
FLOO' JET STREAM 
Orifice Psi 
Delavan cs-1 3 
Spraying Systems X-1 1 
Liquid Collected in 
Charged Tube 
(% by wt) 
o.83 
1.04, 




The lateral spray dispersion patterns for the charged and un~ 
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charged horizontal laminar flow jet streams are shown in Figs. 31 and 
32. Charging of the streams caused considerable lateral dispersion 
of the drops. The uncharged Delavan jet stream deposited 74 per cent 
of the spray in a band two inches wide while the charged stream 
resulted in 84 per cent being deposited over an eight inch width. 
The uncharged Spraying Systems jet stream deposited 86.9 per cent 
of the spray in a one inch width. When the stream was charged, 77.4 
per cent was deposited in an eight inch band. Thus, charging of the 
jet streams caused dispersion. that would allow an increase in nozzle 
spacing fran two to four times while maintaiuing a relatively uniform 
application from side to side across the pattern. 
The changes in the size of the dispersion pattern of the charged 
and uncharged jet streams in the direction of the jet streams are 
















" 1 , . No voltage 












~ 0 +--==r----.~-r~..,..:;.;..._r---r~--r-~-.-----.~--r-==-....-~...----.......;:: .... : 
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Fig. 31. Dispersion Pattern for Charged and Uncharged 
Horizontal Laminar Flow Jet 24 Inanes Above 
Catchment Channels - Delavan CS•l at 3 psi. 
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Fig. 3~. Dispersion Pattern for Charged and Uncharged 
Horizontal Laminar Flow Jet 24 Inches Above 
Catchment Channels - Spraying Systems X•l 





Limits of Uncharged Drop Pattern 








" ' " " Catchm.ent Surface "'\. 
Dimensions of.the Dispersion Pattern Parallel 
to Jet Axis for Delavan CS-1 at 3 psi. 
Limits of Uncharged Drop Pattern 
imits of Charged Drop 
Pattern 
Catchment Surface 
---2r---~t.-'-0 20 + 1,----.j .I 
Fig. 34. Dimensions of the Dispersion Pattern Parallel 
to Jet Axis for Spraying Systems x .. 1 at l psi., 
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of the volume distribution in this direction, the figures do show an 
increase in the pattern. size for.the charged streams. 
Stroboscopic examination of the charged jet streams in a darkened 
room showed that all of the drops emerging from the charged tube 
impacted on the catchment surface. Drops were also observed to continue 
impacting on the surface withgut observable deflection (due to mutual 
drop-catchment surface repulsion) even after long periods of operation 
with the catchment surface well insulated from ground. Thus, any 
charge buildup on the catchment surface was not a deterrent to drep 
impaction. 
With the equipment used, no current flow was recorded for either 
the ene kilovolt or the two kilovolt potentials on the charged tube. 
The DC power supply used was equipped with a microammeter having one 
scale range of 0-10 microamperes. For the test voltages, the meter 
needle would move between zero and one microampere. 
CHAPTER VIII 
SUMMARY AND CONCLUSIONS 
Smmnary 
The objectives of this study were to: (1) develop an apparatus 
and techniques to quantitatively measure the size distributions of 
particles formed in liquid atomization, (2) determine and charae• 
terize the particle size distribution of sprays for improvement in 
sampling procedures and (3) refine a method of atomization that would 
produce spray containing a narrow size range of particles of a 
predictable size. 
A photographic sampling apparatus was designed and developed 
that would provide in-flight samples (photographs} of spray drops 
at or near the zone of atomization. The equipment was especially 
designed to produce a minimum of disturbance to the spray before and 
during the sampling process. Illumination was provided in the form 
of high-speed high-intensity flash units to obtain effective camera 
magnifications of from 8-12 times and to permit contr~lled double 
exposure photography for spray drop velocity determinations. A number 
of photographic techniques were developed and employed that assisted 
in producing reliable high quality sample negatives. 
Sampling techniques and procedures were developed to determine: 
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(1) where in a spray pattern sampling should occur to obtain samples 
representative of the entire spray and (2) how many samples (repli· 
cations) would be necessary to establish a reasonable level of 
confidence in the results. 
Test conditions were established using a conventional fan spray 
nozzle. A number of samples were taken at a single location in the 
variance. This having been established, the number of sample repli· 
cations to be made were then estimated. 
Sample~ were also taken along a drop stream at intervals to 
arrive at a desired sampling distance frem the atomizer. Based on 
the changes in drop velocities, drop configuration stability and drop 
dispersion, a desirable sampling distance was determined. 
Spray from one quadrant ·Of the fan nozzle was sampled in great 
detail to provide almost continuous informatien concerning the changes 
in drop size distributions from one part of the pattern to another. 
Analyses of these data provided an indication of potential sampling 
locations in a fan spray pattern where drop size distributions could 
be found that would be characteristic of the entire spray from the 
nozzle. 
The sampling pattern data was further analyzed to ascertain the 
validity of the replication selection procedure. These results showed 
that for one test condition (water at 40 psi) the number of repli-
cations .selected was probably not. sufficient. The average standard 
deviation of the mean drop diameters for all sampling positions was 
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found to be large as compared to the standard deviations of the mean 
drop diameters for the single sampling location upon which the num.ber 
of replications were based. The number of replications selected for 
the other test condition, however, was considered satisfactory. For 
both test conditions, the standard deviations of the mean drop diame-
ters were relatively invariant over most of the sampling locations 
which provided justification and support for the original assumption. 
The atomization characteristics of a laminar flow jet stream with 
and without voltage applied to a cylindrical tube surrounding the jet 
stream were determined. 
The laminar flow jet stream, without veltage applied to the tube, 
atomized predictably into relatively uniform large drops (approxi-
mately two times the diameter of the orifice) interspersed by occasional 
drops much smaller and more variable in diameter. The changes in the 
atomization caused by the charged tube surrounding the jet stream were 
measured in terms of drop size and uniformity. For one test condition, 
the charged drops were no different in size from the uncharged, but 
had less uniformity. For another test condition, where drops were 
larger, the charged drops were significantly smaller in size and 
possessed greater uniformity than uncharged drops. 
The charged tube surrounding the jet stream was very effective 
in eliminating the small drop cor.nponent of a laminar flow jet stream 
spray. Liquid collected on the inside of the charged tube represented 
approximately the same volume as the small drop fraction occurring in 
the uncharged jet breakup. No small drops were found in any of the 
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samples where the tube was charged. 
Measure was also made af the lateral dispersioo o.£ the charged 
drops due to drop mutual repulsion. An uncharged horizontal jet 
stream deposited 74 per cent of the sp.ray in a tw0 inch wide band. 
A similar charged stream resulted in 84 per cent being deposited 
over an eight inch width. 
Conclusi0ns 
The sampling procedure for determining the drop size distri-
butions in a fan spray can be greatly simplified using the equipment, 
techniques and procedures established in this study. The equipment, 
techniques and procedures were adapted and used far other atGmizing 
cenditions. 
A charged tube surrounding a laminar flow jet stream was very 
effective in eliminating the small drop component of the jet stream 
breakup. Sufficient charge was induced on the drops to cause mutual 
repulsion and dispersion to an extent that the effective application 
width was increased by four times. Relatively small changes in 
individual drop characteristics were obtained by the induced 
charging of the jet stream under the test cftditions established. 
Sugge.stion.s for Future Investigations 
Induced charging of spray drops ope~s a new area of investigation 
in controlled liquid atomization research. The work reported herein 
may be considered a first attempt to demonstrate the feasibility of 
such an approach. Several questions would seem worthwhile supjeets 
for further study: 
1. What would be an optimum charged surface configuration 
(shape, length, size, position, etc.) for effective 
charging of the stream and collection of small (driftable) 
drops. 
2. Could the drops from non-laminar flow atomizers be charged 
and separated electrostatically? 
3. How long does an induced particle charge persist? Could 
a charged spray drop be given sufficient charge that, 
upon approaching an oppositely charged object, electro-
static forces would predominate and result in impact of 
the drop on the object? 
4. What liquid physical properties determine the extent to 
which a surface charge may be induced on a drop? 
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APPENDIX A 
D~PTH OF FIELD CALCULATIONS 
VISCOSITY AND SURFACE TENSION OF LIQUIDS USED 
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APPEND IX A- I 
DEPTH OF FIELD CALCULATIONS 
The following depth of field calculations are based on a circle 
of confusion that is a fraction of the focal length of the lens. The 
blurred image circle that occurs when an object is located outside of 
the plane focused upon is known as the ttcircle of confusion". The 
farther the object is from the plane focused upon, the larger the 
circle of confusion. For critical definition, a common value of the 
diameter of the circle of confusion is 1/1720 of the focal length of 
the lens (or 2 minutes of arc in angular measure). The depth of field 
limits as measured from the lens may be calculated from the following 
formula st 
Near limit = 0 - cl- tan O 
L+ 0 tan O 
Far limit = O + <}, tan 6 
L - 0 tan e 
where O = the object distance 
e • angular size of the circle of canfusion 
L = effective diameter of lens = focal length of lens 
f•num.ber of relative aperature 
135 
With an object distance of 2.07 inches, a circle of confusion 
of 2 minutes of arc, a lens having a focal length of 1.97 inches, and 
a relative aperature number of f/8, the near and far field limits are 


























VISCOSITY AND SURFACE TENSION OF LIQUIDS USED 
Tap Water at 22° c. 










76 .. 1 
76.1 
1% Nigrosine Dye in Tap Water at 22° C. 


























.,, Degrees "M'' is a relative measure of absolute viscosity as 
determined from the MacMichael Viscosimeter. The viscosity 
measurements shown were obtained for the following conditions: 
torsion wire no. 34; disc plunger with 3 cm liquid level; 
cup rotation of 14.75 rev/min. 
APPENDIX B 
DROP COLLECTION DATA FOR JET BREAKUP 
DISPERSION PATTERN DATA FOR JET BRE.AKUP 
ELECTROSTATIC JET DISPERSION DATA (GRID READINGS) 
Explanation of Tables 
The numbers appearing in the tables in Appendix B-III are the 
measurements of drop size or movement taken from the optical cam.para-
tor grid chart. These numbers can be converted into actual size 
using the following formula: 
Actual Size (mm)= (Grid Chart Reading) (Grid Chart Constant mm/grid unit) 
















APPENDIX B- I 
DROP COLLECTION DATA FOR JET BREAKUP 
Delavan cs-1 (with core removed) 
3 psi, water 
1 kv., negative polarity 
Time of 
test Net weight of water collected, pounds 
(min) :Beaker Plastic bag 
30 .01 1.20 
30 .01 1.21 
30 .01 1.20 
30 .01 1.20 
30 .01 1.20 
Spraying Systems X·l (with core removed) 
1 psi, water 
2 kv., negative polarity 
Time of 
test Net weight of water collected, pounds 
(min) Beaker Plastic bag 
30 .03 2.90 
30 .03 2.87 
30 .03 2.78 
30 .03 2.90 
30 .03 2.86 
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Run 
No. l 2 
l 0 6 
2 0 3 
3 2 4 
4 1 5 
5 1 5 
Ave. .8 4.6 
Run 
No. l 2 
1 0 0 
2 0 0 
3 0 0 
4 0 0 
5 0 0 
Ave. 0 0 
APPENDIX B•II 
DISPERSION PATTERN DATA FOR JET BREAKUP 
Delavan CS·l (with core removed) 
3 psi, water 
negative polarity 
1 KV. Time of test 9 minutes 
Net grams at each collection position one inch apart 
3 4 5 6 7 8 9 10 11 
9 13 16 18 18 17 16 15 12 
8 12 16 19 20 19 17 15 13 
·9 14 18 20 20 19 16 15 13 
10 14 18 19 19 18 16 15 13 
9 13 17 19 19 18 16 15 13 
9.0 13.2 17.0 19.0 19.2 18.2 16.2 1s.o 12.8 
No Voltage Time of test 2.5 minutes 
Net grams at each collection position one inch apart 
3 4 5 6 7 8 9 10 11 
0 0 1 7 18 13 3 0 0 
0 0 1 7 19 13 4 l 0 
0 0 l 5 19 15 3 1 0 
0 0 1 4 21 15 4 l 0 
0 0 1 7 17 14 3 1 0 


















No. 1 2 
l 4 9 
2 5 10 
3 4 9 
4 4 9 
5 5 10 
Ave. 4.4 9.4 
Run 







APPENDIX B•II CONTINUED 
Spraying Systems X•l (with core removed) 
1 psi, water• negative polarity 
2 KV. Time of test 4 minutes 
Net grams at each collection position one inch apart 
3 4 5 6 7 8 9 10 11 
12 13 16 18 18 17 16 14 11 
12 13 15 17 18 17 16 14 12 
12 14 15 17 19 18 16 14 11 
12 13 16 18 19 18 17 15 12 
11 13 15 17 19 18 17 16 13 
11.8 13.2 15.4 17.4 18.6 17.6 16.4 14.6 11.8 
No Voltage Time of test 3.0 minutes 
Net grams at each collection position one inch apart 
3 4 5 6 7 8 9 10 11 
0 0 19 2 0 
0 1 18 2 0 
0 1 19 l 0 
0 2 19 1 0 
0 1 18 3 0 













ELECTROSTATIC JET DISPERSION DATA (GRID READINGS) 
SPRAYING SYSTEMS X-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER= 530 MICRONS 
WATER AT 1. PSI 
COLLECTOR TUBE VOLTAGE= 2. KILOVOLTS 
GRID CHART= 20. MM PER GRID UNIT 
CAMERA MAG= 8. 
COMPARATOR MAG= 10. 
NEGATIVE NUMBER 1. 
MAJOR OIA LA~GE 4.40 4.45 4.35 4.10 4.85 4.85 
MINOR DIA LARGE 3.60 3.60 3.90 3.75 3.55 3.75 
NEGATIVE NUMBER 2. 
MAJOR CIA LARGE 5.00 4.35 6.55 4.75 
MINOR DIA LARGE 3.60 3.50 4.25 3.25 
NEGATIVE NUMBER 3. 
MAJOR DIA LARGE 4.35 4.35 4.25 4.35 
MINOR DIA LARGE 3.85 3.85 3.65 4.00 
NEGATIVE NUMBER 4. 
MAJOR DIA LARGE 4.20 7.10 4.15 
MINOR DIA LARGE 3.80 4.60 3.65 
NEGATIVE NUMBER 5. 
MAJOR OJA LARGE 6.90 4.00 4.00 4.oo 3.75 
MINOR DIA LARGE 5.05 3.25 3.20 3.25 3.25 
NEGATIVE NUMBER 6. 
MAJOR OIA LARGE 5.65 4.10 3.90 4.00 
MINOR DIA LARGE 3.85 3.75 3.60 3.75 
NEGATIVE NUMBER 7. 
MAJOR OIA LARGE 4.10 4.30 4.85 4.65 4.55 
MINOR DIA LARGE 3.70 3.90 4.30 3.40 3.60 
NEGATIVE NUMBER 8. 
MAJOR OIA LARGE 4.90 4.35 4.25 4.25 4.75 
MINOR DIA LARGE 4.35 3.95 3.85 3.50 3.40 
NEGATIVE NUMBER 9. 
MAJOR OIA LARGE 5.00 4.35 4.70 4.15 
MINOR DIA LARGE 4.40 3.20 3.70 3.50 
NEGATIVE NUMBER 10 •.. 
MAJOR OIA LARGE 4.60 5.00 4.70 
MINOR DIA LARGE 3.25 3.70 3.60 
NEGATIVE NUMBER 11. 
MAJOR OJA LARGE 4.35 4.70 4.20 4.60 5.00 
MINOR DlA LARGE 3.70 3.65 3.80 3.60 4.00 
NEGATIVE NUMBER 12. 
MAJOR OIA LARGE 4.50 6.25 4.10 4.10 4.25 
MINOR DIA LARGE 3.50 3.85 3.80 3.40 3.10 
NEGATIVE NUMBER 13. 
MAJOR OIA LARGE 6.75 4.65 4.15 4.75 
MINOR DIA LARGE 5.35 3.45 3.50 3.15 
NEGATIVE NUMRER 14. 
MAJOR CIA LARGE 4.55 4.85 4.25 4.65 4.50 4.40 
MINOR DIA LARGE (.40 3.30 4.10 3.50 3.35 3.50 
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APPENDIX B-III CONTINUED 
ELECTROSTATIC JET DISPERSION DATA (GRID READINGS, 
SPRAYING SYSTEMS X-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER= 530 MICRONS 
WATER AT l. PSI 
COLLECTOR TUBE VOLTAGE= 2. KILOVOLTS 
FLASH DELAY= 170. MICROSECONDS 
GRID CHART= 20. MM PER GRID UNIT 
CAMERA MAG= 8. 
COMPARATOR MAG= 10. 
NEGATIVE NUMBER 15. 
MAJOR OIA LARGE 4.20 4.20 4.50 4.50 4.45 
MINOR DIA LARGE 4.10 3.70 3.60 3.60 3.85 
LGE ORP MOVMT. 2.80 2.90 2.75 2.85 2.90 
NEGATIVE NUMBER 16. 
MAJOR OIA LARGE 4.40 4.75 
MINOR DIA LARGE 3.50 3.75 
LGE DRP ~OVMT. 2.40 2.60 
NEGATIVE NUMBER 17. 
MAJOR OIA LARGE 4.00 3.60 
MINOR DIA LARGE 3.60 3.40 
LGE ORP MOVMT. 2.30 2.00 
NEGATIVE NUMBER 18. 
MAJOR CIA LARGE 4.10 4.40 
MINOR DIA LARGE 3.25 4.10 
LGE ORP MOVMT. 2.45 2.65 
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APPENDIX Tl~III CONTINUED 
ELECTROSTATIC JET DISPERSION DATA (GRID READINGS! 
SPRAYING SYSTEMS X-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER= 530 MICRONS 
WATER AT 1 .. PSI 
GRfD CHART= 20. MM PER GRID UNIT 
CAMERA MAG= 8. 
COMPARATOR MAG= lOe 
NEGATIVE NUMBER 1 .. 
MAJOR 01~ LARGE 5.15 5.20 6.15 4.35 
MINOR DIA LARGE 3.35 3.25 3.55 3.90 
DIAMETER SMALL 1.00 
NEGATIVE NUMBER 2. 
MAJOR OIA LARGE 5 .. 30 5.30 4.60 5.10 4.60 
MINOR DIA LARGE 3 .. 35 3 .. 55 4.10 3.00 3.30 
DIAMETER SMALL 1.20 l.25 
NEGATIVE NUMBER 3 .. 
MAJOR OIA LARGE 4 .. 35 4 .. 40 3.60 3.90 4.00 
MINOR DIA LARGE 4.00 3 .. 25 3.05 3.70 3.,55 
DIAMETER SMALL .07 .. 05 .. 09 
NEGATIVE NUMBER 4. 
MAJOR OIA LARGE 4.75 4.50 4.95 4.45 4.90 
MINOR DIA LARGE 3.50 3.05 3.20 3.75 3.00 
DIAMETER SMALL 1.40 1.00 
NEGATIVE NUMBER 5. 
MAJOR dIA LARGE 5.50 5.30 4 .. 65 4.50 
MINOR DIA LARGE 3.30 3.50 3.25 4.15 
DIAMETER SMALL .. 06 .11 .. 07 .09 
NEGATIVE NUMBER 
~AJOR OIA LARGE 5.90 
MINOR DIA LARGE 3.30 
"DIAMETER SMALL 1.42 
NEGATIVE NUMBER 
MAJOR OIA LARGE 5.75 
,MINOR DIA LARGE 3 .. 10 
DIAMETER SMALL 1.15 
NEGATIVE NUMBER 
MAJOR OIA LARGE 5.90 
MINOR DIA LARGE 4.50 
DIAMETER SMALL 1.20 
NEGATIVE NUMBER 
MAJOR O!A LARGE 5.15 
MINOR DIA LARGE 2.75 
DI~METER SMALL 1.20 
6. 
5 .. 95 4 .. 90 
4.40 3 .. 50 
1~25 
7. 
5 .. 30 5 .. 35 4.60 
3.05 4.10 3.50 
8 .. 
4.80 4.50 5 .. oo 
3.10 3 .. 30 3.50 
.01 
9. 
4.70 5.85 4.75 
3.55 3.50 3.90 
NEGATIVE NUMBER 10 .. 
MAJOR OIA LARGE 5.60 5.05 
MINOR DIA LARGE 3.30 3.50 





APPENDIX B-III CONTINUED 
ELECTROSTATIC JET DISPERSION DATA (GRID READINGS) 
SPRAYING SYSTEMS X-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER= 530 MICRONS 
WATER AT 1. PSI 
FLASH DELAY= 170. MICROSECONDS 
GRID CHART= 20. MM PER GRID UNIT 
CAMERA MAG= 8. 
COMPARATOR MAG= lOe 
NEGATIVE NUMBER 18. 
MAJOR OIA LARGE 5.75 4.00 6.00 5.50·5.00 4.50 
MINOR DIA LARGE 3.15 3.75 3.90 3.00 4.25 3.00 
DIAMETER SMALL 1.00 
NEGATIVE NUMBER 11. 
MAJOR OIA LARGE 4.50 5.05 5.50 5.05 5.30 
MINOR OJA LARGE 3.25 3.60 3.50 3.75 3.60 
DIAMETER SMALL 1~20 1.27 1.07 
LGE DRP MOVMT. 2.65 2.55 2.50 2.45 2.60 
SML ORP MOVMT. 2.75 2.65 2.75 
NEGATIVE NUMBER 12. 
MAJOR OIA LARGE 5.25 5.90 4.75 5.10 5.70. 
MINOR DIA LARGE 3.05 4.25 2.95 3.30 3e60 
DIAMETER SMALL l.00 
LGE ORP MOVMT. 2.45 2.75 2.35'2.50 2.15 
SML ORP MdVMT. 2.40 
NEGATIVE NUMBER 13. 
MAJOR OIA LARGE 4.20 4.85 5.75 
MINOR DIA LARGE 4.15 3.60 3.25 
DIAMETER SMALL .09 1.50 1.25 
LGE ORP MOVMT. 2.40 2.40 2.40 
SML ORP MOVMT. 2.40 2.ao 2.50 
NEGATIVE NUMBER l4e 
MAJOR OIA LARGE 6.80 4.20 5.75 
MINOR DIA LARGE 3.50 3.~0 3.90 
DIAMETER SMALL 1.20 .oa 
LGE ORP MOVMTe 2.60 2.55 2.60 
SML DRP MOVMT. 2.50 2.40 
. NEGATIVE NUMBER 15. 
MAJOR OIA LARGE 4.25 4.50 4.75 4.15 
MINOR DIA LARGE 4.05 3.85 3.95 4e05 
DIAMETER SMALL 1.15 
LGE DRP MOVMT. 2.50 2.40 2.50 2.40 
SML ORP MOVMT. 2.25 
NEGATIVE NUMBER 16. 
MAJOR CIA LARGE 4.40 5.25 4.50 4.50 4.60 
MINOR DIA LARGE 3.35 3.50 3.70 3.60 4.00 
DIAMETER SMALL le27 
LGE DRP MOVMT. 2.65 2.15 2.60 2.40 2.60 
SML DRP MOVMT. 2.50 
NEGATIVE NUMBER 17. 
MAJOR DIA LARGE 4.40 4.45 4.40 4.35 4e70 
MINOR DIA LARGE 3.95 3~5-0 3.00 3.10 3.55 
DIAMETER SMALL 1.25 
LGE DRP MOVMTo 2.50 2.40 2.40 2.45 2.50 
SML ORP MOVMT. · 2.40 
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APPEND IX B- II I CONTINUED 
ELECTROSfATIC JET DISPERSION DATA (GRID READINGS) 
DELAVAN CS-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER = 250 MICRONS 
WATER AT 3. PSI 
COLLECTOR.TUBE VOLTAGE = 1. KILOVOLTS 
GRID CHART = 20. MM PER GRID UNIT 
CAMERA MAG = 8. 
COMPARATOR MAG = 10 .. 
NEGATIVE NUMBER 19 .. 
MAJOR OIA LARGE 2 .. 10 2.20 2.10 2.05 1 .. 90 2.20 
MINOR DIA LARGE 2.00 2.10 2.00 1. 95 1.95 2.15 
NEGATIVE NUMBER 20 .. 
MAJOR OIA LARGE 2.00 2.55 2.00 2.00 2 .. 10 
MINOR DIA LARGE 2.00 2.50 l.,85 2 .. 00 2.00 
NEGATIVE NUMBER 21. 
MAJOR OJA LARGE 2.00 2.15 1. 75 1.95 
MINOR DIA LARGE 1.95 2.00 1.10 1., 90 
NEGATIVE NUMBER 22. 
MAJOR OJA LARGE 2.55 1.95 2.ao 2 .. 05 2.05 2 .. 05 2.00 2.10 2 .. 05 
MINOR DIA LARGE 2.35 1.95 2.60 2.00 2.05 2 .. 00 2.00 2.65 2.00 
NEGATIVE NUMBER 24 .. 
MAJOR OIA LARGE 2 .. 25 2.10 2.05 2.05 2.10 1.ao 
MINOR DIA LARGE 2.25 2 .. 00 2.00 2.00 2.10 1.75 
NEGATIVE NUMBER 25. 
MAJOR OIA LARGE 2.65 2.25 
MINOR DIA LARGE 2.60 2.15 
NEGATIVE NUMBER 26. 
MAJOR OIA LARGE 2.25 2.45 2.05 1.90 2.00 2.45 2.00 2 .. 00 
MINOR DIA LARGE 2.15 2:.15 1.95 1.60 1.95 2 .. 25 2.00 2 .. 00 
NEGATIVE NUMBER 27. 
MAJOR OIA LARGE 2.90 1.95 2.05 1., 90 1.90 l.90 1.90 1 .. ao 
MINOR DIA LARGE 2.55 1.90 2.05 1 .. 80 1. 75 1.ao 1.75 1.ao 
NEGATIVE NUMBER 28. 
MAJOR DIA LARGE 2.10 3.00 2.00 2.00 2.60 
MINOR DIA LARGE 1.95 2.90 1.95 2.00 2.40 
NEGATIVE NUMBER 29. 
MAJOR OIA LARGE 2.15 2.05 2.05 2.00 1.ao 2.00 2.40 
MINOR DIA LARGE 2.15 1.95 2.00 l.90 1.75 l.90 2.30 
NEGATIVE NUMBER 30. 
MAJOR OIA LARGE 2.05 2.10 2.95 2.00 2.00 2.10 
MINOR DIA LARGE 2.05 2.00 2.60 1.75 2.00 2.00 
NEGATIVE NUMBER 31. 
MAJOR OIA LARGE 2.10 2.15 2.90 2.15 2.10 2.00 2.10 
MINOR O[A LARGE .2.os 2.10 2.60 2.10 2.10 2 .. 00 2 .. 10 
NEGATIVE NUMBER 32. 
MAJOR OIA LARGE 3.00 2.05 2 .. 00 2.00 2.00 2.10 2.00 
MINOR DIA LARGE 2e90 2.00 2.00 1.00 2"100 2.00 2.00 
APPEND IX B"' II I CONTINUED 
ELECTROSTATIC JET DISPERSION DATA (GRID READINGS) 
DELAVAN CS-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER= 250 MICRONS 
WATER AT 3. PSI 
COLLECTOR TUBE VOLTAGE= le KILOVOLTS 
FLASH DELAY= 170. MICROSECONDS 
GRID CHART= 20. MM PER GRID UNIT 
CAMERA MAG= 8. 
COMPARATOR MAG= 10. 
NEGATIVE NUMBER 33. 
MAJOR OIA LARGE·2.05 2.10 2.60 2.00 
MINOR DIA LARGE l.95 2.00 2.50 2.00 
LGE ORP MOVMT. 4.15 4.10 4,50 4.05 
NEGATIVE NUMBER 34. 
MAJOR OIA LARGE 2e05 2.45 2.70 2.00 1.95 2.10 2.10 
MINOR DIA LARGE 1.95 2.30 2.55 1.95 1.90 2.00 2.00 
LGE ORP MOVMT. 4.20 4.30 4.25 4.25 4.20 4.25 4.30 
NEGATIVE NUMBER 35. 
MAJOR DIA LARGE 2.65 2.30 2.15 2.00 2.00 2.05 
MINOR DIA LARGE 2.20 2.25 2.00 2.00 2.00 2.05 
LGE DRP MOVMT. 4.15 4.20 4.30 4.10 4.25 4.10 
NEGATIVE NUMBER 36. 
MAJOR OIA LARGE 2.85 2.05 2.00 
MINOR OJA l~RGE 2.70 2.05 2.00 
LGE DRP MOVMT. 4.40 2.30 4.10 
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.APPENDIX B-III CONTINUED 
ELECTROSTATIC JET DISPERSION DATA (GRID READINGS) 
DELAVAN CS-1 ( WITH CORE REMOVED) 
ORIFICE DIAMETER :: 250 MICRONS 
WATER AT 3. f>SI 
GRID CHART = 20. HM PER GR ID UNIT 
CAMERA MAG = 8. 
COMPARATOR MAG= 10. 
NEGATIVE NUMBER 19. 
MAJOR OIA LARGE 2.10 2.15 2.35 2.50 2.05 2.20 1.95 2.15 2.10 2.40 2.60 
MINOR DIA LARGE 1.90 1.60 1.75 1.75 1.85 1.55 1.85 1.75 1.85 1.80 1 .. 80 
NEGATIVE NUMBER 20 .. 
MAJOR OIA LARGE 2.00 2 .. 00 2.25 2.30 2.15 2.ao 2.15 2.50 
MINOR DIA LARGE 1.50 2.00 1.50 1.80 2.00 2.00 1.80 1 .. 75 
D JANETER SMALL .01 
NEGATIVE NUMBER 21. 
MAJOR OJA LAR{;E 3.80 2.30 2.55 2.25 2.25 2.25 2.55 2.30 2.10 
MINOR DIA LARGE 1.95 1.50 1.75 1.80 1.10 le95 1.75 1.90 2.25 
NEGATIVE NUMBER 22. 
MAJOR OIA LARGE 2.10 2.25 2.10 2.45 2.25 2.00 2.25 2.00 2.15 2.50 2.15 
fllNOR DIA LARGE 1.75 1.90 2.00 1.ao 1.90 1.90 1.90 1.85 1.a5 1.75 1.75 
DIAMETER SMALL .oa 
NEGATIVE NUMBER 23. 
MAJOR CIA LARGE 2.50 2.25 2.20 2.30 3.85 2.35 2.35 2.35 2.15 
MINOR OJA LARGE 1.75 1.ao 1.75 l.60 1.a5 1.95 1.a5 1.80 1.90 
NEGATIVE NUMBER 24. 
MAJOR OIA LARGE 2.35 2.25 2.90 2.30 3.15 2.10 2.00 2.55 2.30 
MINOR DIA LARGE .l.80 1.90 2.45 2.00 l.90 1.80 1 •. 90 1.75 2.00 
CIAMETER Sf.lALL .05 .01 
NEGATIVE NUMBER 25. 
MAJOR DIA LARGE 2.25 2.30 2o60 3.15 2.25 2.00 2.30 2.15 2.05 2.45 2.60 2.20 
MINOR DIA LARGE 1.75 1.10 1.70 2.00 1.75 1.95 1.90 1.75 2.00 1.75 2.30 1.a5 
NEGATIVE NUMBER 26. 
MAJOR OIA LARGE 2.40 2.15 3.00 2.10 2.40 2.50 2.10 4.50 2.65 
MINOR DIA LARGE 1.10 1.90 2.70 1.80 1.75 1.10 lo65 1.60 1.10 
O I AMETER SJVALL .01 
NEGATIVE NUMBER 2 7. 
MAJOR DIA LARGE 2 .. 55 2.50 2.95 2.15 2.15 2.00 2.10 2.75 2.50 2.00 
MINOR DIA LARGE 1.10 1.75 1.60 1.65 2.00 1.90 ! • 90 1.80 1.75 1.90 
NEGATIVE NUMBER 28. 
MAJOR DIA LARGE 2.20 2.05 2.30 2.25 2.50 2.15 2.30 2.25 2.90 2.15 
MINOR DIA LARGE 1.ao 1.10 1.90 1.50 1.ao 1.10 1.85 1.90 2.15 1.85 
DIA METER SMALL .0.3 
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APPENDIX B•III CONTl:NUED 
ELECTROSTATIC JET DISPERS[ON DATA l.GR l D READINGS) 
DELAVAN cs-1 (WITH CORE REMOVED I 
OR If ICE DIAMETER = 250 MICRONS 
WATER AT 3 .• PSI 
F.LASH DELAY·= 100. MICROSECONDS 
GRID CHART = 2.0. MM PER GR ID UNIT 
CAMERA MAG = 8. 
COMPARATOR MAG: 10. 
NEGATIVE NUMBER 32. 
MAJOR OJA LARGE 2.00 2.15 2.60 2.00 2.50 1.95 2.25 2.45 2.45 2.25 2.35 
MINOR DIA LARGE 1.75 1.85 1.75 2.00 2.25 1.10 lo90 1.85 1.00 1.90 1.85 
DIAMETER SMALL .06 
NEGATIVE NUMBER 29. 
MAJOR OJA LARGE 2.00 2.00. 2.15 2.35·2.50 2.10 2.75 2.25 2.05 2.15 
MINOR DIA LARGE 2.00 1.85 1.95 2.00 1.75 1.10 2.35 1.15 1.75 1.50 
LGE ORP MOVMT. 2.35 2.40 2.50 2.60 2.so 2.50 2.40 2.50 2.50 2.40 
NEGATIVE NUMBER 30. 
MAJOR OJA LARGE 2.15 2.60 3.00 2.10 2.00 2.45 2.15 2.50 2.55 
MINOR DIA LARGE 2.00 1.10 1.10 1.75 2.00 1.00 1.65 1.75 1.00 
.LGE ORP MOVMT. 2.25 2.50 2.35 2.45 2.60 2.40 2.40 2.50 2.40 
NEGATIVE NUMBER 31. 
MAJOR OIA LARGE 2.40 2.25 2.60 2.00 2.10 2.15 2.30 2.50 2.15 3.30 2.05 
MINOR DIA LARGE l.5s 1.90 1.75 1.90 1.75 1.65 1.05 1.70 1.a5 1.90 1.a5 
LGE DRP MOVMT. 2.55 2.40 2.35 2.40 2.50 2.50 2.45 2.35 2e45 2.50 2e45 
NEGATIVE NUMBER 33. 
MAJOR OIA LARGE 2.10 2.90 2.50 3.05 2.00 3.60 2~00 2.05 2.10 
MINOR DIA LARG.E 1.00 1.05 1.75 2.50 2.00 2.10 1.75 1.55 1.90 
DIAMETER SMALL .06 
LGE bRP MOVMT. 2.45 2.45 2.35 2.40 2.40 2.35 2,.35 2.40 2.30 
SML ORP f,\OVMT. 2.40 
NEGATIVE NUMBER 34. 
MAJOR OJA LARGE 2.10 ?.45 2.20 2.00 2.55 2.10 2.os 2.40 2.25 2.60 2.so 2.20 
MINOR DIA LARGE 2.00 1.ao 1~90 t.95 1.75 1.75 1.75 1.75 1.90 2.35 1.ao 1.60 
O IAME.TER SMALL .00 
LGE ORP. MOVMT. 2.40 2 .• 35 2.35 2.40 2.35 2.so 2.40 2.50 2 •. 15 2~45 2.40 2.35 
SflL ORP MOVMT. 2.10 
NEGATIVE NUMBER 35. 
MAJOR DIA LARGE 2.so 2.75 2.05 2.50 2.20 2.25 2.20 2.35 2.10 2.55 
MINOR DIA LARGE 1.05 2.10 1.90 1. 75 1.60 1.65 1.ao 1.00 2.05 1.75 
LGE ORP MOVMT" 2.40 2 .. 50 2.50 2 .. 50 2.35 2.40 2.40 2.50 .2.50 2.,45 
NEGATIVE NUMBER 36. 
MAJOR DIA LARGE 2.45 2.10 2.00 2.15 2.00 2.20 2.25 2.20 2.05 2.00 2.05 
MINOR DIA LARGE 1.so 1.85 1.75 l,90 2.00 1.55 1.85 1.90 i.75 2.00 1.95 
LGE DRP MOVMT. 2.60 2.40 2.35 2.65 2 .• 60 2.35 2.35 2.35 2.25 2.40 2.,35 
APPENDIX C 
SAMPLING LOCATION DATA 
Explanation of Tables 
The numbers appearing in the following tables are the measure-
ments of drop diameter and movement taken from the optical comparator 
grid chart. The flash delay shown. at the top of each sheet is the 
time during which the movemen.t shown occurred. The numbers can be 
converted to actual size using e,q·uation 7-1 and the following: 
Actual Size (mm)= (Grid Chart Reading).{Grid Chart Constant mm/grid u,nit) 




SAMPLING LOCATION DATA 
WATER AT 40 PSI 
GRID CHART= 20 MM PER GRID UNIT 
COMPARATOR MAG.= 10 
·: CAMERA MAG. = 10. 
'> 
FLASH DELAY= 25 MICROSECONDS 
~AMPLING DISTANCE= 1.5 NEGATIVE NUMBER = 1. 
DIAMETER ( GR IO) 1.00 .20 .40 .75 .50 .20 .75 .. 40 .ao .. 50 
MOVEMENT (GRID J 1.as 1.10 1.85 1.80 2.10 1., 75 2.00 2.10 2.20 2.00 
DIAMETER lGR IO) 1.00 .75 1.10 .15 •. 50 .50 .so .. so .50 
MOVEMENT (GRID) 2.25 2.25 2.00 1.40 2.15 2 .. 15 2.15 2.25 2.25 
SAMPLING DISTANCE= 1.5 NEGATIVE NUMBER= 2. 
DIAMETER (GRID) • 15 .20 .30 .25 .65 .55 .45 .25 .15 .50 
MOVEMENT (GRID J 1.10 1.70 2.25 2.00 2.25 1.ao 2.40 1.10 1.65 2.15 
DIAMETER ( GR IO) .20 .. 25 .65 .10 .40 .25 .90 .35 
MOVEMENT (GtUO > 1.85 l.85 2.25 2 .• 30 2.00 2.05 2.20 2 .. 05 
SAMPLING DISTANCE= 1 .. 5 NEGATIVE NUMBER= 3. 
DIAMETER (GR ID) .so .95 .so .25 .35 .50 .35 .50 .so .55 
MOVEMENT (GRID) 2.30 2.35 1.15 2.05 2.00 2.35 2.40 2.25 2.10 2.10 
DIAMETER (GRID) .so 1.20 1.00 .50 .20 .ao .65 .50 .so • 70 
MOVEMENT C GRID) 2.00 2.20 2.30 2.25 1.40 2.35 2.35 2.20 2 .. 25 2 .. 40 
DIAMETER (GRID J .• 45 .so .40 .65 .60 1.00 .85 
MOVEMENT (GR IO) 2.25 2.30 2.20 2.50 2.55 2.15 2.65 
SAMPLING DISTANCE = 1.5 NEGATIVE NUMBER= 4. 
D !AMETER (GR ID) .30 .40 .30 .60 .45 .30 .so .25 .60 .75 
MOVEMENT (GRID) 2.10 1.85 1.95 2.50 1.85 2.30 2.00 1.ao 2.15 2.00 
DIAMETER CGRID) .25 
MOVEMENT l GRlO) 2.00 
APPENDIX C CONTINUED 
SAMPLING LOCATiON DATA 
WATER AT 40 PSI 
G~ID CHART= 20 MM PER GRID UNIT 
COMPARATOR MAG.= 10 
CAMERA MAG.= 10. 
FLASH DELAY= 25 MICROSECONDS 
SAMPLING DISTANCE = 2.5 NEGATIVE NUMBER = 
DIAMETER {GR IO) .30 .so .75 1.00 .so .50 .25 .so 
MOVEMENT (GRlOt 1.ao 2.10 2.10 2.25 2.20 2.15 1.60 2.20 
DIAMETER CGRIOt .30 .25 
MOVEMENT (GR IO) 2.05 1.90 
SAMPLING DISTANCE= 2.5 NEGATIVE NUMBER= 
DIAMETER ( GRID t .40 1.25 .20 .15 .25 .25 .75 1.30 
MOVEMENT (GRID) 2.30 2.00 .65 .60 2.25 1.40 2.30 2 .. 30 
DIAMETER ( GR IO t .. 35 
MOVEMENT (GRID) 1.50 
SAMPLING DISTANCE = 2.5 NEGA Tl VE NUMBER = 
DIAMETER (GRID> .15 .20 .15 .10 .35 .4.5 .30 .25 
MOVEl"ENT (GRID) .40 1.15 .35 1.90 1.so 1.65 1.10 1,.75 
DIAMETER I GR ID t .30 
MOVEMENT (GR ID) }.90 
SAMPLING OlSTANCE = 2.5 NEGATIVE NUMBER = 
DIAMETER (GRID> .20 .}5 ,.65 .80 .25 .50 .75 .10 
MOVEMENT (GR ID> 1.10 .45 2.10 2.25 1.75 1.60 1.as 2.00 
SAMPLING DISTANCE = 2.5 NEGATIVE NUMBER= 
DIAMETER (GRID) • 30 .35 .35 .25 .35 .so 1.15 .25· 
MOVEMEN.T (GRID) 1.30 .50 .45 .20 2,.30 .20 2.10 .45 
DIAMETER (GRID) .50 .30 .20 .50 .75 .. 40 .25 
MOVEMENT I GR ID> 1.45 .. so .55 2.00 2.15 1.75 1.20 
SAMPLING DISTANCE = 2.5 NEGATIVE NUMBER = 
DIAMETER (GR IO) .25 .15 .50 .15 .30 
MOVl:;MENT (GRID) 1.40 1.85 2.15 .35 ,.95 
- ' . . ..... ... :., .. '. ··~ . . . 
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. APPENDIX C C<l'JTINTJED 
SAMPLING LOCATION DATA 
WATER AT 40 PSI 
GRID CHART= 20 MN PER GRIO UNIT 
COMPARATOR MAG.= lO 
CAMERA HAG.= 10. 
FLASH DELAY= 25 ~lCROSECONDS 
SAMPLING DISTANCE= 3.5 .NEGATIVE NUMBER= 9., 
PIAHETER CGRJO) ,.45 .20 ., 15 .30 
MOVEMENT CGRfO> le85 .so .so .95 
SAMPLING DISTANCE = 1.s 
DIAMETER I GR IO) .25 .. 10 ,.45 .. 75 
HOVEf4ENT CGRIO) .90 .,45 1 .. 35 2 .. 05 
SAMPLING OJSTANC.E .. _= 3.5 
DIAMETER (GRIP) .30 .10 .75 .25 
MOVff"ENT CGRIO) .75 "40 1.95 ,.45 
SAMPLING DISTANCE~ J.,5 
DIAMEiTER (GRID) "15 .,40 .25 .. ao 
MOVEMENT. CGRIOJ ~so 1.55 .so 1.90 
NEGATIVE NUMBER -;;; 
.35 .30 .30 .25 
1.35 ,.90 "7§ ,,40 
NEGA Tl VE NUMBER = 
.60 .1s .20 .25 
l .. 60 .,40 ,.45 1 .. 10 
NEGATIVE NUMBER 
.is .. 20 e30 










APPENDIX C CCtiTINtml> 
SAMPLING LOCATION DATA. 
WATER AT 40 PSI 
GRID CHART= 20 MM PER GRID UNIT 
COMPARATOR MAG.= 10 
CAMERA MAG.= 10. 
FLASH DELAY= 25 MICROSECONDS 
SAMPLING DISTANCE 
DIAMETER (GRID> .30 
MOVEMENT (GRID) .75 
SAMPLING DISTANCE. 
DIAMETER (GRlDJ .25 
MOVEMENT (GRIDt .30 
DIAMETER (GRID) .80 
MOVEMENT (GRIO) 1.95 
SAMPLING DISTANCE 
DIAMETER CGRlD) .40 
MOVEMENT (GRID) 1.00 
DIAMETER (GRfD) .ao 














SAMPLING DISTANCE= 4.5 
DIAMETER (GRID) .40 .35 
MOVEMENT (GRID) 1 •. 15 .45 
SAMPLING DISTANCE= 4.5 
DIAMETER (GRID) .20 .40 .• 25 
MOVEMENT (GRID) .45 1.so .10 
SAMPLING DlSTANCE = 4.5 
DIAMETER (GRID) .75 .25 .20 
MOVEMENT (GRID) 1.50 .ao .30 
NEGATIVE NUMBER = 4. 
.20 .20 
.15 .20 
NEGATIVE NUMBER= 12. 
.20 .20 .30 .20 .60 .65 
.45 .30 l .25 .10 1.so t.75 
1.00 
2.00 
NEGATIVE NUMBER= 13. 
.25 .5o .35 .35 .eo .2s 
.so 1.1s 1.05 .75 1.60 '~55 
.25 
.55 
NEGATIVE NUMBER= 14. 
NEGATIVE NUMBER= 15. 
.25 .20 .25 .20 
.75 8 45 .75 .SO 
NEGATIVE NUMBER= 16. 
.25 .35 .55 .so 






APPENDIX G CONTINUED 
SAMPLING LOCATION DATA 
WATER AT 40 PSI 
GRlO CHART= 20 MM PER GRIO UNIT 
COMPARATOR MAG.= 10 
CAMERA MAG.= 10. 
FLASH DELAY= 25 MICROSECONDS 
SAMPLING DISTANCE = 5.5 NEGATIVE NUMBER = 
DIAMETER C GR ID) .25 .15 .20 .20 .30 .30 .35 .35 
MOVEMENT (GRID) .45 .35 .30 .so .75 .60 .60 .15 
SAMPLING DISTANCE = 5.5 NEGATIVE NUMBER: 
DIAMETER C GR IO) .25 .30 
MOVEMENT (GRID I .30 .25 
SA~PLING DISTANCE = 5.5 NEGATIVE NUMBER = 
DIAMETER (GRID) .60 .25 .30 1.00 .90 
MOVEMENT C GR ID l 1.20 .so .55 1.95 1.go 
SAMPLING DISTANCE = 5.5 NEGATIVE NUMBER = 
DIAMETER (GRID) .85 .25 








APPENDIX C: CONTINUED 
SAMPLING LOCATION DATA 
WATER AT 40 PSI 
GRIC CHART= 20 MM PER GRID UNIT 
CCMPARATOR MAG.= 10 
CAMERA MAG.= 10. 
FLASH DELAY= 25 MICROSECONDS 
SAMPLING DISTANCE 
DIAMETER lGRID, .75 
MOVEMENT IGRID) 1.25 
= 6.5 
.35 _ .35 
.15 .15 
SAMPLING DISTANCE - 6.5 
DIAMETER (GRID)--, .30 .10 .25 
MOVEMENT CGRIO). - .25 1.25 .,75 
SAMPLING DISTANCE = 6.5 
DIAMETER (GRID} .25 .45 .20 
MOVEMENT (GRID) .. 30 .25 .30 
SAMPLING DISTANCE = 6.5 
DIAMETER (GRID) .35 .30 .so 
MOVEMENT (GRID) ,15 .20 1.10 
SAMPLING DISTANCE = 6.5 
DIAMETER (GRID) .so .40 .30 
MOVEMENT (GRID) .65 .75 .45 
SAMPLING DISTANCE = 6.5 
O IAME"TER (GRID) .35 .20 
HOV.EM.ENT (GRID) .so •. 30 
NEGATIVE NUMBER = 
.40 .45 
.. 30 .60 
NEGATIVE NUMBER = I 
I 
l.._,, 
NEGATIVE NUMBER = 
.20 .30 .60 .30 .25 
.3.5 .55 1.10 .25 .. 5,0 
NEGATIVE NUMBER= 
.30 .60 el5 
.50 1.20 .25 
NEGATIVE NUMBER = 
.30 .25 .. 55 
.65 .45 1.10 










APPENDIX. C CONT INT.JED 
SAMPLING LOCATION DATA 
WATER AT 40 PSI 
GRID CHART= 20 MM PER GR ID UNIT 
COMPARATOR MAG.= 10 
CAMERA MAG. = 10 .. 
FLASH DELAY= 25 MICROSECONDS 
' SAMPLING DISTANCE = 8.5 NEGATIVE NUMBER = 3 .... 
DIAMETER (GRID) .30 .25 .. 20 .15 .. 15 .10 
MOVEMENT (GRID> .35 .30 .35 .30 .35 .. 35 
SAMPLING DISTANCE = 8.5 NEGATIVE NUMBER = 7o 
DIAMETER ( GR IO) .15 .35 .45 .. 20 .30 
MOVEMENT (GRID) .20 .40 .25 .25 .35 
SAMPLING DISTANCE = 8.5 NEGATIVE NUMBER = a .. 
DIAMETER (GRID) .60 .35 .25 
MOVEMENT (GRIDJ ., 70 .. 25 .50 
SAMPLING DISTANCE = 8.5 NEGI\ TI VE NUMBER = 9., 
DIAMETER (GRID) .75 .45 .60 
MOVEMENT l GR IO) 1.00 .10 .. 95 
SAMPLING DISTANCE = 8.5 NEGATIVE NUMBER = 10. 
DIAMETER ( GR IO) .30 .35 .40 
MOVEMENT (GRID) .. 15 .25 .25 
SAMPLING DISTANCE = 0.5· NEGATIVE NUMBER = 11. 
DIAMETER (GRID) .35 .65 .60 .30 .40 .50 
MOVEMENT (GRID> .15 .00 .85 .40 .25 .,75 
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APPENDIX C CaffINUED 
SAMPLING LOCATION DATA 
WATER AT 40 PSI 
GRID CHART= 20 MM PER GRID UNIT 
· COMPARATOR MAG.= 10 
CAMERA MAG.= 10. 
FLASH DELAY= 25 MICROSECONDS 
SAMPLING DISTANCE= 10.5 
DIAMETER (GRID) .• 25 .35 .75 
MOVEMENT (GRID) .IO .15 .30 
SAMPLING DISTANCE= 10.5 
DIAMETER (GRID) .30 
MOVEMENT (GRID) .15 
SAMPLING DISTANCE= 10.5 
DIAMETER (GRID) .65 .30 
MOVEMENT (GRID) .65 .40 
SAMPLING DISTANCE= 10.5 
'DIAMETER (GRID) .70 .40 .25 
MOVEMENT (GRID) .eo .15 .15 
SAMPLING DISTANCE= 10.5 
DIAMETER (GR!D) · .• 70 .65 .25 
MOVEMENT (GRID) .ao .so .35 
NEGATIVE NUMBER= 13. 
NEGATIVE NUMBER= 14. 
" l.• ·. 
NEGATIVE NUMBER= 15. 
NEGATIVE NUMBER= 16. 
NEGATIVE NUMBER= 17. 
APPENDIX C CONTINUED 
SAMPLING LOCATION DATA 
WATER AT 40 PSI 
_GRID CHART= 20 MM PER GRID UNIT 
COMPARATOR-MAG.= 10 
CAMERA MAG.= 10. 
FLASH DELAY= 25 MICROSECONDS 
158 
SAMPLING DlSTANCE = 12.5 
DIAMETER (GRID) .as 
MOVEMENT CGRIO) .50 
NEGATIVE NUMBER= 20e 
SAMPLING DISTANCE= 12.5 
DIAMETER (GRID) .35 
MOVEMENT (GRID) .25_ 
SAMPLING DISTANCE= 12.5 
DIAMETER CGRlD) .25 
MOVEMENT (GRID) .05 
SAMPLING DISTANCE= 12.5 
DIAMETER (GRID) .50 .35 
MOVEMENT (GRID) .30 .25 
NEGATIVE NUMBER= 210 
NEGATIVE NUMBER= 22. 
NEGATIVE NUMBER= 24. 
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SAMPLING LOCATION DATA 
DIESEL OIL AT 20 PSI 
GRID CHART = 20 MM PER GRID UNIT 
COMPARATOR MAG .. = 10 
CAMERA MAG~ = a .. 
FLASH DELAY = 25 MICROSECONDS 
SAMPLING DISTANCE = 3.0. NEGATIVE NUMBER = 19 .. 
DIAMETER (GR ID) .. 30 .. 45 .20 .. 30 .25 .. 25 .20 .45 .30 .. 25 
MOVEMENT ( GR IO) .,85 .,95 1.30 1.00 l.60 1., 50 1.30 1.75 l.,50 1.50 
DIAMETER IGRlD) .35 .so .15 .. 10 .. 35 .15 .. 45 .25 .. 40 .,40 
·MOVEMENT f GR IO) 1.15 1 .. ao. 1.10 1.40 le 70 1.40 l .. 65 1.75 1 .. 65 le65 
DIAMETER ( GR IO) ~15 .. 10 .10 .60 .15 .25 .so 
.MOVEMENT (GRID) 1.25 1.65 le35 1.45 LlO · .,ao .,90 
SAMPLiNG DISTANCE = 3 .. 0 NEGATIVE NUMBER = 20 .. 
DIAMETER (GR IO l • 35· .40 .15 .,50 l., 10 .20 .15 .. 20 .35 .30 
MOVEMENT (GRID) 1.75 1.,25 1.00 l.60 2.50 .. 95 1.40 1.,40 1.10 l .. 45 
DIAMETER (GRID) .25 .20 .. 20 .65 .. 45 .30 .40 .35 .45 .10 
MOVEMENT (GRI.D) 1.25 1.40 1.55 1.00 l.,20 l.,40 1.45 1 .. 30 1 .. 05 1 .. 00 
DIAMETER (GRID) .30 .,30 .25 .15 .40 .so 
MOVEMENT C GR! DJ 1 .. 30 l.,30 1 .. 05 1 .. 00 1 .. 35 1.05 
SAMPLING DISTANCE = 3.0 NEGATIVE NUMBER = 21 .. 
l)IAMETER (GR ID} .45 .. 35 .. 60 .. 40 
MOVEMENT ( GRlD > 1.,65 1.60 1.00 1.,90 
SAMPLING DISTANCE = J.,O NEG AU VE NUMBER = 22 .. 
DIAMETER (GRID) .50 .75 .. 65 .50 .so .. 55 .45 ., 70 .55 . .. 65 
MOVHENT I GR ID) 1.05 1.10 .. 70 1.55 1.25 1.10 l.,50 1 .. 00 1.00 1 .. 45 
DIAMETER (GRID l .30 .25 .45 .,60 .50 .40 .. 45 .45 .20 .. 35 
MOVEMENT (GRID) l.40 1 .. 25 l .. 50 1 .. 45 1.15 l.35 L,75 lolO .. 65 090 
SAMPLING DISTANCE = 3.0 NEGATIVE NUMBER = 23 .. 
DIAMETER ( GR IO) .30 .30 .25 .35 .,25 .,50 .. 65 .,65 ,.55 .40 
MOVEMENT (GRID) 1.75 L .. 30 1.60 1 .. 55 1.75 1 .. 50 2 .. 00 1 .. 45 2 .. 00 1 .. 15 
DIAMETER IGRID) .45 
MOVEMENT (GRID) 1.05 
SAMPLING DISTANCE = 3.0 NEGATIVE NUMBER = 240 
OIAMETER {GR IO) .35 .. 25 .. 25 .60 .35 .. 40 .25 025 030 .. 35 
MOVE.,ENT I GR ID) 1.05 1.20 .60 1 .. 00 !.50 1.40 l .. 35 1 .. 40 1 .. 75 1 .. 40 
DIAMETER I GRIO) .35 025 
"10VEMENT ( GR IO) 1 .. 55 .. 75 
APPENDIX C CONTINUED 
SAMPLING LOCATION OATA 
DIESEL.OIL AT 20 PSI 
GRID CHART = 20 MM PER GRID UNIT 
COMPARATOR MAG.= 10 
CAMERA MAG.= 8. 
FLASH DELAY= 25 MlCROSECONOS 
SAMPLING DISTANCE = 4 .. o. NEGATIVE . NUMBER ·,:; 
O IAHETER CGRIOJ .50 .40 .25• .25 · .25 .. 25 .20 .25 
MOVEMENT (GRID) .,60 .10 .45 .50 .so .60 .20 .3.0 
OIAMETER (GRID) .55 .30 .20 .30 
MOVEMENT C GRID> 1.20 .95 .90 1.10 
SAMPLING DI STANCE :;" 4.0 NEGATIVE NUMBER = 
DIAMETER CGRlO > 1.00 .ss .30 .so .40 .50 .25 "40 
MOVEMENT. t GR IO) 1.55 1.50 .90 1., 70 1.as 1.75 .35 .. 10 
DIAMETER (GRID, .so .35 .• 25 · .. 25 .25 .20 .20 
MOVEMENT (GRID) 1.35 1.85 .,40 .. 85 .45 .30 .40· 
SAMPLING DISTANCE = 4.0 NEGATIVE NUMBER = 
DIAMETER (GRID) .30 .30 .35 .25 .30 .45 .. 25 .20 
MOVEMENT (GRID) 1.45 1.25 1.25 .50 1.00 .75 1.10 .60 
DIAMETER CGRIO) .25 .30 .20 .20 .15 .25 .so .55 
MOVEMENT (GR ID) .30 .. 40 .30 .25 1.05 1.10 1.00 1.,05 
DIAMETER ( GR IO) .20 .25 .10 .25 
MOVEMENT (GRID) .• so 1.1s l;,40 .so 
SAMPLING DISTANCE = 4.0 NEGATIVE NUMBER = 
DIAMETER (GR IO) .30 .20 .30 .so .60 .55 .35 .. 25 
MOVEMENT .(GR ID> .15 .10 .50 .75 .ao 1.00 .55 .50 
O IAMETER ( GRIO) .25 .40 .40 .55 .60 .20 .l5 .15 
MOVEMENT (GRlD) .35 e90 .75 .40 1.00 .15 .25 .10 
SAMPLING DISTANCE = 4.0 NEGATIVE NUMBER -
DIAMETER CGRID) .so .40 .55 .40 .10 1 .. 20 .. 20 .. 40 
MOVEMENT CGR IO) 1.20 1.10 1.35 1.25 1.40 le35 .,45 .75 
DIAMETER (GR IO) .40 
MOVEMENT C GRID l 1.00 
SAMPLING DISTANCE = 4.0 NEGATIVE NUMBER = 
DIAMETER CGRID) .20 .25 .20 .20 .30 •. 50 .25 .25 
MOVEMENT (GR I.C) .45 .;45 .35 .25 .10 1.00 .35 .30 
O IAMETER (GRID) .25 .20 .15 .25 .35 .25 .25 .25 
· MOVEMENT ( GR IO t .• 20 .40 .30 1120 .55 .35 .45 .50 
illAMETER C GR IO I .20 .20 .25 .25 • 50 .25 .25 .25 
MOVEMENT (GRID) .40 .30 .60 .75 .90 .30 .40 .. 15 
DIAMETER (GRID) ~45 




... 90 1.00 
26. 




.35 .. 55 
.55 .25 









.. 4011 .. 55 
.• 25 .35 
,55 .. 35 
.35 .25 
.. 65 . • 35 
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APPENDIX. C CONTINUED 
SAMPLING LOCATION DATA 
DIESEL OIL.AT 20 PSI 
GRID CHART = 20 MM PER GRID UNIT 
COMPARATOR MAG. = 10 
CAMERA MAG. = a. 
FLASH DELAY = 25 MICROSECONDS 
SAMPLING DISTANCE =· 5.0 NEGATIVE NUMBER = 31. 
DIAMETER (GRID) .55 .20 .30 .. 25 .20 .40 .25 .. 20 .25 .25 
MOVEMENT (GRID) .60 .40 .90 .40 .20 .25 1.10 .,35 .85 .20 
DIAMETER C GR ID) .20 "45 .25 .30 .25 .40 .25 .15 .25 .30 
MOVEMl:NT (GRID) .40 1.10 .65 .so .30 1.10 .20 .30 .35 .15 
O IAMETER I GR IO) .25 
MOVEMENT (GRID) .25 
SAMPLING DlSTANCE = 5.0 NEGATIVE NUMBER = 32. 
DIAMETER (GRID) .25 "25 .20 .45 . .40 .30 .50 .35 .60 
MOVEMENT (GRID> .40 • 5.5 .40 .. 60 •. 55 1.65 .90 .45 .. 95 
SAMPLING DISTANCE = 5. i) NEGATIVE NUMBER= 33. 
DIAMETER (GRID) .20 .25 .25 .35 .25 .30 .35 .40 .45 .95 
MOVEMENT (GRID) .30 .45 .35 .40 .20 .,55 .90 .60 .. 65 1.10 
DIAMETER (GRID) .30 .70 .50 .30 .50 
MOVEMENT (GRID) .25 1.25 1.00 .55 .75 
SAMPLING DISTANCE = 5.0 NEGATIVE NUMBER= 34. 
DIAMETER (GRID) .55 .20 .25 .20 .40 4.00 .55 .25 
MOVEMENT (GR ID) .95 .so 1.05 .30 1.15 1.10 1.10 .so 
SAMPLING DISTANCE = .5.0 NEGATIVE NUMBER= 35. 
DIAMETER (GRID) .10 .35 .25 .20 .20 .25 .10 .15 .25 .,25 
MOVEf'ENT ( GR IO l .95 .10 • 6.5 .as .4.5 .40 .55 .45 .45 .40 
DIAMETER (GRID) .25 .30 .25 .20 .20 • 75 
MOVEMENT (GRID) .45 • 50 .40 .45 .40 1.30 
SAMPLING DISTANCE ;: 5.0 NEGATIVE NUMBER= 36. 
DIAMETER (GRIU) .. 30 .10 .45 .25 .35 .60 .60 .45 
MOVEMENT (GR ID) · .45 .ao .85 .45 .45 1.05 1.00 .65 
APPENDIX D 
SAMPLE REPLICATION DATA (GRID READING DI.AMETER) 
Explanation of Tables 
The numbers appearing in the following tables are the measure-
ments of drop diameters taken from the optical comparator grid chart. 
These nwnbers can be converted in.to actual size using the following 
formula: 
Actual Size (mm)• (Grid Chart Reading)(Grid Chart Constant mm/grid unit) 




SAMPLE REPLICATION DATA (GRID READING DIAMETER) 
DELAVAN FS-2-65 FAN NOZZLE 
WATER AT 40 PSI 
SAMPLING DISTANCE= 4.25 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
CAMERA MAG= 10 
COMPARATOR MAG= 10 
NEGATIVE NUMBER 2 • 
.30 .55 • 25 .10 .30 .30 .40 .20 .15 .20 
.20 ·.30 .30 .30 .45 .30 .15 .15 .. 35 .30 
NEGATIVE·NUMBER 3 • 
.15 • 25 .30 .25 .40 .15 .15 .. 65 .20 .. 25 
.15 .20 .as .15 .20 .10 
NEGATIVE NUMBER 4 • 
• 10 .10 . • 10 .15 .as .10 .10 .15 .10 .. 10 
.15 .35 .10 ·'•5 .15 .20 .10 .75 .20 .10 
.15 .10 · .10 .65 .20 .10 .10 .10 .10 .15 
.15 .25 .15 .10 .60 .10 .10 .05 .10 .. 90 
.. 15 .1.5 .10 
NEGATIVE NUMBER 1 .. 
.25 .75 • 15 .25 .25 .25 .10 .20 .35 .. 30 . 
.20 .20 .. 20 .20 .30 .20 .20 .90 
NEGATIVE NUMBER a • 
.10 .10 .. 15 .20 .20 .10 .15 .20 .10 .. 10 
.10 .• 10 .os .10 .10 .10 .25 .20 .05 .40 
.10 .. 15 .95 .20 .15 .20 .20 .10 .10 .50 
.10 .15 .10 .. 10 .75 .05 .10 .15 .10 .os 
.os .15 .10 .os .10 .10 .10 .so .10 .10 
.10 .10 
NEGATIVE NUMBER · 9. 
.10 .10 .25 .15 .os .10 .20 .10 .os .10 
.15 .40 .10 .35 .15 .30 .20 .15 .ao .15 
.45 • 20 · .75 .2s 
NEGATIVE NUMBER 13. 
.20 .30 .20 .15 .10 .10 .25 .65 .35 .25 
.25 .30 
NEGATIVE NUMBER 14 • 
.45 .55 • 20 .25 .40 .ao .15 .25 .10 .15 
.25 .20 
NEGATIVE NUMBER 17. 
.90 .. 10 .20 .10 .10 .40 .10 .20 .10 .10 
.. 15 .35 .20 .10 .10 .10 .10 • 25 .25 . .10 
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.10 .20 .10 .. 10 .10 .10 .15 .15 .ss .. 15 
.20 · .20 .J,5 .25 .10 .10 · .20 .15 
NEGATIVE NUMBER 18. 
.20 .20 .15 .. 10 .25 .. 65 .25 .. 60 .20 .. 20 
.15 
NEGATIVE NUMBER 19. 
.40 · · .-30 .25 .. 45 .25 .20 ..so 
NEGATIVE NUMBER 21 .. 
.. 60 .25 .20 • 15 .. 10 .so 
NEGATIVE NUMBER 22 • 
.. so .10 • 30 .20 .. 30 .30 .. 20 .. 60 
NEGATIVE NUMBER 23 .. 
.. 30 .20 .60 .10 .• 30 .25 .. 35 .25 .. 15 ..55 
· · .30 .. 10 · .25 .25 .40 
NEGATIVE NUMBER 24 .. 
.20 .10 .30 .25 .20 .10 .75 .35 .. 20 .ss· 
.20 .60 .10 .30 .15 
165 
APPENDIX D CONTINUED 
SAMPLE. REPLICATION DATA· (GRID READING DIAMETER) 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL OIL AT 20 PSI 
SAMPLING DISTANCE= 4.0 INCHES· 
GRID CHART = 20 MH PER GRID UNIT 
CAMERA MAG = 8 
COMPARATOR MAG= 10 
NEGATIVE NUMBER . 1 • 
.25 • 25 .30 .25 .15 .15 .20 .30 .25 .30 
.20 • 25 .2s .2s .20 . .25 .55 .30 .25 .30 
.25 .25 .15 :.35 .15 .10 .20 .10 .20 .15 
.45 .25 .20 .15 .is .15 .20 .15 .20 .15 
.10 .20 .10 .40 .30 .25 .20 .25 .20 .25 
.20 .10 .so .20 .25 .20 
NEGATIVE NUMBER 2 • 
.15 · .20 · • 15 .10 .20 .20 .15 .25 .25 .20 
.• 30 .zs .30· .15 .20 .10 .20 .so .1 () .15 
.20 .20 ·• .20 .1s· .20 .20 .15 .30 .25 .so 
.50 .25,. .20 .10 .20 .25 .2s .15 .45 .20 
.20 · · .20 .. .20 .65 .25· .25 .30 .20 .10 
NEGATIVE NUMBER 3 • 
.20 .20 .15 • 1s .2.5 .20 . • 30 .15 .15 .40 
.20 .20 .20 .25 .15 .25 .10 .15 .15 .1s 
.1s .10 .10 .20 .10 .ts .25 .20 .25 · .25 
.10 .15. .20 .35 .15 .15 .30 .25 .25 .20 
· .20 ·. .25 .25 .15 .20 .15 .25 
NEGATIVE NUM~ER 5. 
.15 .25 .10 .20 .15 .25 .1s .35 .35 .20 
.30 .20 .25 .20 .25 .25 .25 .20 .25 .20 
~20 .10 .1s .20 .2s .20 .;.20 .15 .15 .20 
.15 e65: 
NEGATIVE NUMBER 6. 
.15 .40 .25 .25 .10 .30 .25 .10 .10 .10 
.15 .15 .10 .10 .20 .20 .15 .25 .25 .2s 
.20 ·.15 .10 .25 .15 .15 .15 .20 .is .• 20 
.20 .2.5 .20 .45 .20 .15 .15 .20 .25 .15 
.15 .20 .10 .25' .20 .20 .25 .25 .10 .2s 
.20 .25 .20 
NEGATIVE NUMBER 7. 
.25 .30 .10 .25 .15 .25 .20 .20 .25. .15 
.• 10 .25 .25 .20 .20 .20 .15 .25 .25 .15 
.. 25 .10 .25 .10 .15 .19 • 15 .25 .10 .25 . 
.25 .25 ~20 .20 .45 
NEGATIVE NUMBER s. 
.30 .25 .• 25 .25 .30 .10 .25 .so .20 .15 
.20 .40 .10 .10 .15 .60 .20 .10 .30 .15 
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.15 .15 · .10 .15 .25 • 55 
NEGATIVE NUMBER 10 • 
• 30 .35 .25 .40 .15 .. 15 .30 .25 .15 .25 
.. 15 .10 .40 .10 .20 .45 .25 .25 .25 .20 
.. 25 .. 15 · .25 .35 .15 .15 .15 .15 .10 .15 
.ts .15 .10 .15 .10 .15 .20 .15 .20 .10 
.. 20 
NEGATIVE NUMBER 11. 
.20 .25 .20 .75 .15 .15 .15 .20 .25 .25 
.25 .25 .60 .30 .10 .30 .15 .25 .15 .25 
.10 .35 .35 .25 .15 .45 .15 .10 .. 20 .15 
.2s · .20· .15 .15 .25 .15 
NEGATIVE NUMBER 12. 
.15 .is .20 .10 .15 .25 .20 .70 .40 .25 
.65 .15 .15 .so .25 .20 .20 .20 .1.0 .20 
.30 .. , .25 .25 .25 .25 .30 .20 .15 .10 .20 
.30 .25 .25 .25 .10 .10 .45 .35 .. 20 .20 
.55 .25 .15 
NEGATIVE NUMBER 14 • 
.20 .25 • 25 .20 .. 25 .20 .20 .. 15 · .10 .. 25 
.30 .20 .10 .25 .. so .30 .30 .25 .20 .20 
.10 .25 .20 .15 .15 .25 .20 .25 .20 .20 
.. 40 • 25 ', .25 .30 . 
NEGATIVE NUMBER 16 • 
.25 .20 .1s • 15 .15 .15 .25 .20 .20 .15 
.15 .45 .20 .20 .15 .15 .55 .20 .25 .20 
.. 15 .15 .20 .10 .15 .15 .15 .10 .15 .20 
.15 .15 .. 10 .15 .. 10 .15 .20 .15 .15 .25 
.10 .20 
NEGATIVE NUMBER 17. 
.50 .25 .15 .15 .10 .10 .20 .15 .75 .20 
.50 .10 .15 .1s .20 .35 .15 .25 .10 .. 15 
.20 .25 .ts .20 .25 .10 .15 .20 .30 .30 
.15 .20 .25 .20 .15 .20 .25 .10 .1.s .20 
.20 .20 .45 .10 .20 .20 .45 .20 
NEGATIVE NUMBER 18. 
.30 .10 .2s .20 .35 .15 .20 .15 .20 ..30 
.15 .25 .30 .25 .ao .50 .25 .70 .. 10 .25 
.20 .15 .20 .25 .25 .20 .25 .20 e2r0 .20 
.25 .25 .20 .25 .15 .15 .25 .15 .30 .40 
.40 .20 .. 20 .25 .45 .25 .40 
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SAMPLE REPLICATION DATA (GRID READING DIAMETERS) 
DELAVAN CS-1 (WITH CORE REMOVED) 
ORIFICE DIAMETER= 250 MICRONS 
WATER AT 3 PSI 
SAMPLING DISTANCE= 2.25 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
... CAMERA MAG = 8 
COMPARATOR MAG = 10 
NEGATIVE NUMBER · 1. 
MAJOR DIA LARGE 2.90 2.35 2.35 2.10 2.45 2.95 2.65 2.10 2.30 
MINOR DIA LARGE 2e05 2.10 2.10 2.00 1.ao l.90 1.95 1 .. 85 2.00 
NEGATIVE NUMBER 2. 
MAJOR DIA LARGE 3.25 2.55 2.00 2.20 2.15 2.40 2.60 2.90 
MINOR DIA LARGE 2.50 2.20 1.75 2 .. 00 2.00 1.as 2.30 1.75 
NEGATIVE NUMBER 3. 
MAJOR OIA LARGE 2.40 2.10 ·2.40 2.05 2.15 ·2.35 2.40 3.lO 
MINOR DIA LARGE 2.15 2.40 2.15 1.90 2.00 2.00 1.75 2.60 
DIAMETER SMALL .as 
NEGATIVE NUMBER 4. 
MAJOR DIA LARGE 3.50 2.50 2.35 2.65 2.90 2.40 2.75 2.85 
MINOR DIA LARGE 2.05 1.85 2.00 l.90 1.50 2.15 1.85 2.05 
DIAMETER SMALL .eo .85 
I 
NEGATIVE NUMBER s .. 
MAJOR DIA LARGE 2.75 3.30 2.3'5 4.35 2.15 3.05 2.40 2.15 
MINOR DIA LARGE 1.75 2.15 2.00 2.75 2.00 2.00 2.00 2.00 
DIAMETER SMALL .so 
NEGATIVE NUMBER 6. 
MAJOR DIA LARGE 2.75 2.so ·2.ao 2.30 2.40 2.20 2 .. 30 2 .. ,55 2.55 
MINOR DIA LARGE 2.20 1.85 2.10 2.00 1 .. 00 2.00 2.10 2.2s 1.85 
OUMETER SMAl L .55 .60 
NEGATIVE NUMBER 1. 
MAJOR DIA LARGE 2.80 2.45 2.25 2.45 2.30 3.10 2.55 
MINOR OIA LARGE 2.30 2.40 1.75 1.90 1.as 2.00 2.15 
DIAMETER SMALL .. 65 .50 
NEGA Tl VE NUMBER a. 
MAJOR DIA LARGE 2.60 2.25 2.40 2.45 2.85 2.65 2.75 2.60 
MINOR DIA LARGE 1.90 1.95 2.00 1.85 2.20 1.95 1.as 1.95 
APPENDIX E 
SAMPLING PATTERN DATA (GRID READING DIAMETERS) 
SAMPLING PATTERN DATA (NUMBER OF DROPS IN EACH SIZE CLASS) 
Explanation of Tables 
The numbers appearing in the tables of Appendix E·I are the 
measurements of drop diameters taken :from the optical comparator 
grid chart. These numbers can be converted into actual size using 
the following formula: 
Actual Size (mm.)• (Grid Chart Reading) (G:l:'id Chart Constant 1111/grid unit) 
(Camera Mag.)(Com.parator Mag.) 
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APPEND IX E- I 
SAMPLING PATTERN DATA !GRID READING DIAMETERS) 
DELAVAN FS-2-65 FAN NOZZLE 
WATER AT 40 PSI 
SAMPLING DISTANCE= 6 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
CAMERA MAG= B 
COMPARATOR MAG= 10 
SAMPLING POSITION NO. 1 • REP. NO. l. 
.ts • 55 .30 .30 .30 .20 .20 .25 .30 .20 .45 .25 • 50 .15 .30 .30 .JO .10 .10 .30 
.45 .40 .25 .40 1.20 .20 .15 
SAMPLING POSITION NO. 2 • REP. NO. 1. 
.15 • 25 .20 .15 .30 .30 .20 .50 .25 .45 .60 .25 .10 .15 .15 .40 .45 .35 .40 .25 
.30 .30 .25 .25 
SAMPLING PCSITICN NC. 3 • REP. NO. 1. 
.60 .35 • 25 .40 .20 .25 .20 • 30 .65 .15 .25 .10 .20 .40 • 35 .60 .20 .20 .35 • !>5 
.35 .40 .20 .10 .35 .25 
SAMPLING PCSJTlON NC. 4 • REP. NO. 1. 
• 45 .35 .30 .25 .10 .10 .25 .20 .15 .25 .15 .25 .40 .10 .25 .25 .25 • 25 .45 .20 
.30 .20 .25 .15 .15 .15 .25 
SAMPLING POSITION NC. 5. REP. NO. 1. 
.25 .25 .20 .30 .15 .20 .30 .25 .25 .20 .20 .20 .25 .20 .45 .15 .25 .40 .20 .30 
.20 .35 .25 .20 .35 .30 .25 .35 .20 .25 
SAMPLING POSITION NC. 6. REP. NO. 1. 
.40 .30 .25 .35 .25 .25 .10 .55 .55 -15 .70 .40 .25 .40 
SAMPLING POSITION NC. 7. REP. NO. 1. 
.35 .25 .40 .35 .40 .55 •. 20 1.00 .40 .15 1.00 .15 
SAMPLING PCSI~ION NO. B • REP. NO. l. 
.15 .25 .25 .15 .20 • 15 .20 .30 .25 .15 .10 .15 .25 .45 .40 .20 .25 .15 .25 .20 
.25 .30 .25 .20 .25 .20 .15 .40 .25 .20 .70 .15 .30 .15 .35 .15 
SAMPLING POSITION NO. 9. REP. NO. 1. 
.30 .35 .ao .35 .15 .15 .10 .15 .10 .15 .25 .15 .25 .25 .20 .40 .20 .15 .20 .15 
.25 .35 .10 .15 • 15 .15 .20 .20 .25 .35 -25 .15 .15 .15 .15 .25 .15 .25 .30 
SAMPLING POSITION NO. 10. REP. NO. 1. 
.45 .25 .15 .30 .15 .40 .20 .85 .15 .25 .30 .40 • 15 .20 .55 .15 .25 .25 .15 .25 
.20 
SAMPLING POSITION NO. 11. REP. NO. l. 
.35 .25 .10 .15 .10 .35 .55 .20 .15 .25 .20 .15 .60 .25 .20 .30 .20 • 25 .25 .20 
.20 .25 .20 .35 .25 .25 .25 • 30 .50 .20 
SAMPLING POSITION NO. 12. REP. NO. l. 
.35 .35 .35 .15 .20 .25 .20 .30 .35 .30 • 30 .20 .30 .20 .25 .15 .15 .25 .45 .20 
.25 .15 • 35 .30 .20 .35 .15 .30 .25 -15 .35 
SAMPLING POSITION NO. 13. REP. NO. 1. 
.BO .30 .45 .35 .55 .45 .10 .40 .25 .15 .30 .50 .30 .zo 
$APPLING PCSITION NO. 14 • REP. NO. 1. 
.35 .20 .10 .ao .10 • 15 
SAMPLING PCSIT[ON NC. 15. REP. NO. l. 
.30 .25 .35 .25 • 30 •. 25 .40 .45 .15 .20 .25 .40 .40 .25 .20 .15 .20 .10 
SAMPLING POSITION NO. 16. KEP. NO. l. 
.25 .25 .35 .30 .45 .45 .45 .15 .35 .15 .15 
SAPPLING PCSITIO~ NC. 17. REP. NO. l. 
.50 .35 .40 .25 .45 .15 .35 .20 .35 .45 .25 .15 • 35 
$APPLING PCSJTICN NC- 18. REP. NO. 1. 
.40 .15 • 30 .45 .40 .45 .40 1.05 .45 .75 .40 .30 .35 
SA~PLING PCSITION NC. 19. RtP. NO. l. I-' 
.50 .40 .45 .55 .25 .30 • 10 .85 .15 .30 °' \.0 
APPENDIX E-I CONTINUED 
SAMPLING POSITION NO. 20. REP. NO. l • 
• 15 .45 .45 .45 .20 .25 .45 .65 .35 ~30 
SAfo!PllNG POSITION Ntl. 21. REP. NO. 1 • 
• 10 .10 .15 .20 
SAMPLING PCS·ITION NO. 22. 1!.EP. NO. l • 
• 35 .20 · .30 . ~20 .30 020 .30 ~10 .25 .• 70 .• 1.5 .15 .55 .50 .55 .35 .30 
SAMPUNG POSI'TION NO. 23. REP. NO. l • 
• 15 .15 .35 .40 .25 .10 
SAfolPLING POSIT ION NO. 24. REP. NO. 1 • 
• 40 .35 .10 .35 .• 15 .35 .10 
SA.l(.PLING POSIT.ION NC. 25. REP. NO. l • 
• 40 .30 .45 .15 ~35 040 .25 .• 25 .35 
SAMPLING POSITION NO •. 26. REP. ,NO.. 1 • 
• so· .5o .ro 
SAMPLING POSITION N:O. 27. REP. NO. 1 • 
• 45 ·.15 .55 .• 15 .15 
SAflP'LING 'P'CSI HON. NC. 28. REP. NO. 1 • 
• 55 .95 .25 
SAMPLING POSITION NO. 29. REP. NO. t • 
• 40 .10 .10 .45 .40 .15 .10 .30 .25 
SAMPLING PO.SITION NO. 30. REP. NO. l • 
• 20 .15 .40 
SAMPLING POSITION NO. 31. . · REP. NO. 1 • 
• l5 .15 . 
SA,.PLING POSITION NO. 3-2. REP. NO. 1 •. 




APPENDIX E- I CONTINUED 
SAMPLING PATTERN DATA IGRID READING DIAMETERS) 
DELAVAN FS-2-65 FAN.NOZZLE 
WATER AT 40 PSI 
SAMPLING DISTANCE= 6 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
CAMERA MAG= 8 
COMPARATOR MAG = 10 
SAMPLING POSITION N.O. 1. REP. NO. 2. 
.25 .30 .40 .15 .35 .10 .75 .30 .25 .30 .30 .30 .20 .40 .35 .40 · .30 .60 .25 .40 
.35 .25 .20 .35 .15 .25 .25 .15 .30 .25 .20 .75 .30 .20 .30 .15 
SAMPLING PCSITION NO. 2 • REP. NO. 2. 
.15 .15 .30 ~ 15 .10 • 10 •. 25 .1·5 .20 .20 • 15 .10 .20 -o 15 .20 .15 .15 .10 .10 .15 
.20 .35 .15 .35 .15 .25 030 .30 .35 .20 
SAMPLING PCSITION NO. 3. REP. NO. 2. 
.25 .20 .20 .25 .15 .20 .20 .20 .20 .25 .15 .25 .25 • 30 .30 .30 .20 -15 .15 .30 
.25 .15 .25 .25 .25 .35 .15 
SAMPLING POSITION NO. 4. REP. NO. 2. 
.10 .95 .45 .6·5 .ao .25 .25 .45 .65 .30 .25 .30 .30 .10 .10 .10 .15 .15- .20 .25 
.10 .20. 
SAMPLING POSITION NO. 5. REP. NO. 2. 
.40 .30 .40 .10 .60 .35 .25 .90 .15 •. 20 .25 
SAMPLING POSITION NO. 6. REP. ND .• 2. 
.45 .30 1.00 .10 .so •. 50 •. 30 .30 .25 .25 .55 .40 .10 .20 .25 
SAMPLING POSITION NO. 7. REP. NO. 2. 
.40 .30 .25 .35 .• 40 •. 55 .20 .• 25 .40 .10 .30 .50 .30 .35 .30 .35 
SAMPLING PCSITlON NO .• a. REP. NO. 2. 
.15 .15 .15 .35 .20 .20 .20 .10 .25 .20 .25 .• 15 .40 .35 .15 .35 .30 .35 .30 .30 
.35 .25 .20 .15 .15 
SAMPLING POSITION NO. 9. REP. NO. 2. 
.30 .35 .30 ~60 .40 .75 .10 .20 .40 .45 .15 .25 .15 .30 .30 .25 .10 .10 .30 .20 
.25 
SAMPLING POSITION NG. 10 • REP. NO. 2. 
.50 .45 .15 .40 .45 • 40 .35 .• 40 .30 .45 .35 .50 .40 .35 
SAMPLING POSITION NO. 11. REP. NO .• 2. 
.45 .30 .90 .30 .40 .30 .20 .20 .15 • 35 .20 .25 .15 .20 .25 030· .55 .10 .15 .35 
.20 .25 
SAMPLING PCSITION NC. 12. REP. ND. 2. 
.40 .50 .45 .30 .45 .30 l.30 .45 .10 .45 .40 .35 .40 .45 
SAflPLING POSITION NO. 13. REP. NO. 2. 
.10 .75 .45 .55 .35 .30 .55 
SAMPLING PCS IT ION ND. 14 • REP. NO. 2. 
.40 .30 .30 • 45 .50 
SAMPLING POSITION NO. 15 • REP. NO. 2. 
.25 .25 .30 • 25 .50 .35 .25 • 30 .35 .50 .40 .15 
SAMPLING PCSITION NC. 16. REP. NO. 2. 
.15 .25 .30 .25 .30 .20 .35 .35 .10 .40 .50 ..2.0 .20 .15 .10 .20 .20 .20 
SAMPLING PCSITlON NO. 17 • REP. NO. 2. 
.25 .40 .40 • 15 
SAMPLING POSITION NC. 18. REP. NO. 2. 
.20 .45 .10 .40 .15 .10 .10 .20 
SAMPLING POSITION NC. 19. REP. NO. 2. 
SAMPLING POSITION NC. 20 • REP. NO. 2. 
.60 • 20 .... 
SAMPLING POSITION NO. 21. REP. NO. 2. -...J .... 
SAMPLING POSITION NO. 22. 
.10 .55 .10 .25 • 25 
SAMPLING POSITION NO. 23. 
• 35 
SAMPLING POSITION NO. 24. 
• 40 .25 .25 .40 
SAMPLING PCSITION NO. 25. 
1.00 
SAMPLING POSITION NO. 26. 
• so .40 
SA~PLING POSITION NO. 27. 
• 40 .20 
SAMPLING POSITION NC. 28. 
SAMPLING POSITION NO. 29. 
• 50 
SAMPLING PCSITICN NO. 30. 
• so 
SAMPLING PCSITION NO. 31. 
SAMPLING POSITION NO. 32 • 
• 45 
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APPENDIX E-I CONTINUED 
SAMPLING PATTERN DATA IGRJO READING ·DIAMETERS) 
DELAVAN FS-2-65 FAN NOZZLE 
WATER AT 40 PSI 
SAMPLING DISTANCE= 6 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
CAMERA HAG• 8 
COMPARATOR.HAG• 10 
SAPPLING POSITION NO. 1. REP. NO. 3. 
.10 .35 .15 .20 .20 .20 .15 .25 .30 .10 .25 
SAPPLING PCSITION NO. 2. REP. NO. 3. 
.50 .10 .10 .30 .50 .05 .15 .35 .10 .20- .40' .20- .10 .30 .15 .20 · .65 
SAMPLING POSITION NO. 3 • REP. NO. 3. 
.20 .20 .10 • 35 .20 .10 .35 .20 .10 .25 .30 .20 .25 .25 .10 .15 
SAMPLING-POSITION NO. lo. REP. NO. 3. 
.50 .10 .50 .25 .10 .25 .25 .25 .20 .10 .25 .30 .• 10 .40 .25 .15 .30 .35 .30 .30 
.25 
SAPPLING PCSITION NO. 5. REP. NO. 3. 
.30 .20 .50 .1oo .15 .20 .35 .30 .20 
SAPPLING PtSITIIJIII NO. 6 • REP. NO. 3. 
.10 • 35 .1oo .35 .50 .10 
SAM_PLING PCSITION NC. 7 • REP. NO. 3. 
•. 35 • 30 .30 .45 .45 
SAMPLING POSITION ND. a • REP. NO. 3. 
1.00 • 10 
SAPPLING PCSITION NO. 9. REP. NO. 3. 
.10 .05 .10 .35 .45 .10 .30 .05 .50 .30 .10 
SAPPLING POSITION NO. 10. REP. NO. 3 • 
.30 .35 .30 .10 .30 • 35 
SAMPLING-PCSITION NC. 11. REP. NO. 3. 
.25 .20 .30 .20 .20 .10 .10 .30 .10 .15 .30 .30 
SAMPLING PCSITION NO. 12 • REP. NO. 3. 
.. 35 .30 .1oo • 35 .45 .20 
SAMPLING POSITION NC. 13 • REP. NO. 3. 
.55 • 5C .35 
SAMPLING PCSITION NC. 14 • REP. NO. 3. 
.65 .20 .40 • 20 
SAMPLING PCSITION NO. 15 • REP. NO. 3. 
.45 • 20 .20 .10 
SAMPLING PCSITION NO. 16. REP. NO. 3. 
.25 .20 .25 .40 .55 .10 .10 .20 .40 .25 
SAMPLING POSITION NC. 17. REP. NO. 3 • 
•. 05 .40 .20 .35 .10 .30 .30 .35 • 15 .35 
SAMPLING PCSITION NO. 18 • REP. NO. 3:. 
.10 .10 .05 .10 .40 • 10 
SAi<PLING PCS'ITION NC. 19. REP. NO. 3. 
.10 .30 .25 .10 .25 .10 .65 .65' .10 .05 
SAMPLING PCSITICN NC. 20. REP .• NO. 3. 
SAPPLING PCSITICN NC. 21. REP. NO. 3 • 
.40 • 15 
SAMPLING PCSITION NO. 22. REP. NO. 3 • 
.40 • 50 
SAMPLING PCSITIO~ NO. 23. REP. NC. 3. 
.10 .15 .30 .10 .15 .10 .10 .15 .10 .15 .05 .l5 .1.0 .05 .35 
SAMPLING PCSITIGN NO. 24. RtP. NO. 3. .... ....... 
.20 .40 .35 .45 .95 .55 .40 u.) 
SAflPLlNG POSITION NO. 25 • 
• 35 .50 .40 
SAMPLING POSITION NC. 26. 
• 75 .45 .3.0 
SAMPLING POSITION NO. 27. 
• so 
SAMPLING POSITION NO. 28. 
• 40 
SAMPLING POSITION Ntl. 29 • 
• 25 .2.0 
SAMPLING POSITION NC. 30. 
-40 .50 .25 -15 • 25 
SAflPLING POSITION NO. 31. 
SAMPLING POSITION NO. 32. 
• 40 .10 .45 
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APPENDIX E-I CONTINUED 
SA~PLING ,PATTERN DATA IGRID READING DIAMETERS I 
DELAVAN FS-2-65 FAN NOZZLE 
WATER AT 40 PSI 
SAMPLING DISTANCE= 6 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
CAMERA MAG= 8 
COMPARATOR MAG= 10 
SAl"!P'LING POSITION NO. 1. REP. NO. 4. 
.10 .25 .40 .25 .40 .35 • 20 .25 .15 .15 .10 .25 .15 .20 .15 .15 .10 .20 . .2·5 ~25 
.10 .25 .15 .10 
SAl"!PLING POSITION NO. 2 • REP. NO. 4. 
.15 • t5 .20 .20 
SAMPLING POSITION NO. 3. REP. NO. 4. 
.50 .20 1.00 .10 .35 .30 .25- .25 .10 .30 
SAMPLING POSITION NO. 4. REP. NO. 4. 
.25 .30 .20 .• 20 .35 .25 .25 .30 .25 ;.25 .30 .15 .30 .30 
SAl"!PLING POSITION NO. 5·. REP. NO. 4 • 
.40 • 50 .40 .50 .40 .25 .50 .40 
SAMPLING POSITION NO. 6 • REP. NO. 4. 
.25 .15 • 25 .30 .• 35 .80 .35 
SAMPLING POSITION NO.· 7. REP. NC. ·4 • 
• 40 .75 
SA~PLING POSITION NO. 8 • REP. NC. 4. 
.30 .25 .60 .35 • 25 .35 .40 .20 
SA~PLING POSITION NO. 9 • REP. NO. 4. 
.25 • .25 .15 .10 .10 .20 .25 .15 .15 .20 .50 .15 .so .35 .55 .35 .25 .25 .30 .• 25 
.25 
SA~PLING PCSITION NO. 10. REP. NO. 4. 
.30 .15 .35 .25 .35 .30 .15 .45 .35 .10 .30 .4-0 .30 .30 .25 
SA~PLING POSITION NO. 11. REP. NO. 4. 
.15 .15 .25 .35 .25 .25 .25 .30 .45 .40 .15 .50 .30 • 75 .65 .ao 
SA~PLING P-ClSITIClli NO. 12. REP. NO. 4 • 
.25 .30 .20 .10 • 20 .25 
SAMPLING PCSITION NO. 13 • REP. NO. 4. 
.45 .40 • 65 .45 
SA~PLING POSITION NO. 14. REP. NO. 4 • 
.95 .20 • 40 .20 
SAl"!PLING POSITJON NO. 15. REP. NO. 4 • 
.15 .35 • 25 .30 .35 .40 .:?5 .30 .20 .55 
SAMPLING PCSITION NO. 16. REP. NO. 4 • 
.15 .30 .15 .15 .10 .45 ~25 ."10 .15 .35 .15 .10 
SAl"!PLING POSITION. NO. 17. REP. NO. 4 • 
• 25 .30 .40 
SA-P!PLING POSIT ION NO. 18. REP. NO.- 4. 
.20 .35 .35 .10 .10 .15 .40 .25 
SAl"!PLING POSITION NC. 19. REP. NO. 4. 
.20 .15 .• 25 .10 .40 .30 .70 .40 .35 .40 .25 
SAl"!PLING POSITION Nc.·20 • REP. NO. 4. 
.40 .45 • 35 
SA~PLING POSITION NO. 21 • REP. NO. 4. 
.35 .35 • 30 
SA~PLlNG PCSITlON NC. 22 • REP. NO. 4. 
• 60 
SAMPLING PCSITION NO. 23. REP. NO. 4. .... .70 .30 .4-0 .40 .25 ....... 
VI 
SAMPLING POSITION NO. 24. 
• 10 .35 .20 .20 .40 
SAMPLING POSITION NO. 25. 
• 45 
SAMPLING POSITION NO. 26. 
• 25 .30 .45 .35 
SAMPLING POSITION NO. 27. 
• 35 .45 
SAl'.PLING POSITION NO. 28. 
S-Alo!PLING POSITION NO. 29. 
• 10 .40 .35 .10 .20 
SAMPLING PCSITION NO. 30. 
• 25 .60 .25 .60 
SAMPLING POSITION NO. 31 • 
.60 • 95 .50 .45 
SAMPLING POSITION NO. 32. 
• 20 .30 
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APPENDIX E•I CONTINUED 
SAMPl.lNG PATTERN DATA IGRID READING DIAMETERS) 
DELAVAN FS.-2-65 FAN NOZZ.LE 
DIESEL FUEL AT 20 PSI 
SAMPLING DISTANCE= 4 lNCHES 
GRID CHART = 20 MM PER GRID UNIT 
CAMERA MAG= 8 
COMPARATOR MAG= 10 
SAMPLING POSITION NO. 1. REP. NO. 1. 
.15 .. 25 .25 .15 .10 .30 .• 15 .25 .1-0 .40 .20 .20 .25 .25 .35 .35 .15 .15 .15 .25 
.-45 .10 .15 .10 ·.10 .10 .10 .25 .... o .25 .25· .20 .10 • 10 .45 .40 .20 .20 .• 25 .15 . 
.35 .30 .10 .15 .25. .20· .25 .15 .15 .10 .10 .10 .20 .35 .25 .15 .10 .20 .25 .10 
.25 .20 .30 .40 .40 .40 .20 .;20 .10_ :.lO .25 .30 ·.20 .25 .15 .• 20 .20 .1,5 .30 -~ 15 
.15 .15 .05 - .10 .10 .10 .10 .,10 .15 .20 .35 .30 .1.0 .10 .10 .so .10 -10 .2.5 .05 
.10 .20 .10 1.00 .1-0 .30 .10 .65 .30 .25 .25 · .25 .10 .10 .25 .45 .25 .15 .15 .20 
.35 .20 .45 .so .15 .20 .25 -.10 .10 .10 .25 .15 .}5 .25 .10 .05 .35 .20 .25 .50 
.25 .20 .10 .15 .60 .30 .15 
SA~PLlNG POSITION NO. 2. REP. NO. 1. 
.30 .2.0 .20 .10 .25 --25 .40 .10 .15 .15 .25 .10 .15 .05 .15 .30 - .25 .25 .30 .10 
.10 .35 .25 .20 .05 .05 .05 .05 .10 .05 .35 · .10 .10 .10 .10 .20 .20 .25 .30 .10 
.20 .15 .20 .20 · .30 .25 .15 .10 .10 .20 .10 .20 .15 .• 20 .30 .15 .15 .• 1-5 .15 .15 
.15 .15 .20 .25 .15 .10 .20 .10 .05 .10 .10 .05 .20 .35 .10 .20 .20 .25 .05 .10 
.35 •. 25 .25 .15 .30 .15 .05 .10 .15 .40 .30 .30 .25 .15 .15 .2-0 .40 .15 .25 .15 
.25 .30 .15 .15 .20 .15 .10 .25 .25 .10 .20 .20 .15 .30 .40 .05 • .zs .25 .30 .20 
.20 .25 .10 .25 .40 .35 .10 .20 .35 .15 .10 .20 .15 .15 .10 .10 .20 .45 .35 .20 
.20 .10 .10. .15 .15 .15 .10 .20- .15 .10 .05 .20 .05 .10· •. 15 .25 .15 .15 
SAl'PLING POSIT ION NC. 3. REP. NO. 1. 
.10 .15 .25 .15 .15 .20 .25 .10 .15 .10 .10 .10 .10 .10 .20 .15 .05 .50 .10 .10 
.26 .10 .40 .40 .20 .25 .30 .15 .50 .30 .30 .85 .20 .30 .10 .15 .so .10 .10 .35 
.50 .30 .25 .15 .30 .85 .25 .15 .15 .15 .10 .10 .50 .05 .05 .40 .40 .30 .25 ~30 
.25 .35 .45 .20 .20 .10 .10 .10 .25 .30 .15 .15 .15 .10 .15 -.10 .20 .60 .10 .15 
.15 .15 .20 .15 .10 .10 .15 .15 .75 .55 .60 .25 .20 .15 .25 .30 .ao .30 ·.10, .10 -
.10 .25. .10 .10 .10 
SAl'PLING POSITION NO. 4 • REP. NO. 1. 
.25 .05 ..:10 .10 .25 .25 1.40 1.70 1.10 .30 .25 .10 .10 .35 .5"5 .20 .30 · .30 .15 .50 
.10 .25 .10 .45 .70 .35 -.30 .30 .so .25 .70 .45 .30 .30 .10 .10 .10 .10 .15 .25 
.30 .30 .35 .35 .05 .20 .20 .60 .25 .25 .25 .30 .15 .10 .35 -05 .20 .45 .20 .10 
.10 .10 .10 .15 .15 .65 _.15 .20 .60 .40 ·.25 .15 .10 .15 .20 .10 .15 .15 1.65 1.75 
1.45 1.75 .1.95 
SAM PUNG POSH llJlli NO. 5. REP. NO. 1. 
.35 .25 .25 .35 .10 .25 .30 .35 .25 .25 .10 ~35 .30 .10 .40 .25 .25 .so .35 .35 · 
.35- .20 .10 .30 .30 .30 .• 60 .25 .05 .25 .35 .05 .10 .25 
SAl'PLING PCSITION NO. 6. REP.; NO. l. 
.40 .25 .20 •15 .30 .25 .15 .25 .75 .55 .25 .60 .25 .30 .• 65 .20 .20 .40 .15 .25 
.25 • 15 .15 .20 .25 ~50 .40 .15 .20 .15 .20 .65 .25 .• 25 . .25 .10 .20 .20 .10 .10 
.15_ .20 .20 .25 .15 .15 .05 .10 .20 .05 .10 .10 .10 .10- .30 .50 ·.10 .15 ;,.40 .15 
.10 .15 .15 .15 -10 .10 .10 .65 .15 .10 .10 -.10 .10 .10 .15 .15 .25 .25 .20 .30 
.10 .05 - .10 .10 .20 1.10 .15 .10 .10 .1-5 .15 .10 .05 .10 .15 .25 .15 .15 .15 .25 
.10 .25 .05 .15 - .1.0 _.10 .10 .10 .40 .so .25 .25 .50 .40 --15 .25 .25 .25 .25 .• 45 -
.60 .20 .25 .15 .25 .20 .25 • 55 .15 .20 .15 .15 .15 .10 .15-· .15 .15 .15 .10 .20 
.25 .15 .50' .4-S .15 .20 .15 .60 .10 .20 .10 .15 .20 1 SAl'PLING PCSITION NO. 7. REP. NO. l. ' 
.20 .25 • 25 .-25 .25 .15 .10 .10 .15 ao .20 .. 10· .25 .35 .25 .10 .15 .15 • rs .20 . 
.25 .25 .• 20 .JO .25 .15 .10 .25 .15 .;15 .20 .10 .10 .15 .• 2·0 .20 .io ~20 .10 .• 25 
.35 .10 .20 .35 .20 .15 .15 .25 - .20 .45 .30 .20 .10 .10 •. 10 .15 ._15 .20 .30 .35 
.20 .20 .35 .30 .20 .35 .30 .10 .15 .20 .15 .20 .25 .30 .• 15 .25 ,.30 .10 .10 .15 I-' ......, 
......, 
APPENDIX E-I CONTINUED 
.60 .15 .25 .10 .15 .30 .20 .20 .25 .30 .10 .20 .10 .30 .20 .10 .10 .20 .20 •. 2.0 
.10 .35 .25 
SAMPLING PCS IT ION NO. a • REP. NO. 1. 
• 20 .50 .35 .20 · .• 25 .20 .10 .20 .35 .,;25 .15 .20 .30 .25 .1.0 .15 •. 25 .35 .10 .20 
.25 ·.25 .35 .so .10 .·15 .25 .15 .10 · .• 20 .20 .40 .25 .50 -.15 .15 .15 .35 .25 .10 
.10 .25 • 30 .2-5 .50 .25 .20 .50 .20 .-25 .20 •. 10 .20 .25 .20 .25 . .15 .35 .25 .25 
020 .10 .-20 .20 .30 .10 .15 .25 · .30 .30 .25 .25 , .20 .15 .20 .25 .25 .4-5 .15 .25 
.20 .25 . • 10 .25 .70 .25 .10 · •25 .15 .20 .20 .20 .25 .15 .15 .45 .25 .• 20 .25 .25 
SAMPLING PCSITION NC. 9 • REP. NO. 1. 
.30· .• 25 .35 .25 .-2s •. 25 o-2.5 .20 .10 .25 .35 .30 .10 .20 .35 .25 .10 .10 .10 .40 
.60 .25 ·.30 .so·· .• 15 .35 .10 .35 .30 .25 .10 .• 25 .35 .25 .15 .30 .25 .35 .25 .35 
.55 .40 .45 .45 .so .30 .40 .35 .20 .45 .30 .3·5 •.. 25 .• 40 .25 .25 .15 .34 .25 .35 
•. 25 .. 35 .5.Q .10 .so .so .so .25 .30 .45 .15 .50 .25 .10 
SA-f!PLING_ PCSITION NO. lQ .• REP. NO. 1. 
.35 .10 .15 .25 .25 .30 .• 25 .15 .25 .10 .10 .10 .·15 .-45 .-so .30 .25 .35 .40 .35 
.30 .25 .30 .35 .30 
SAl'PL-ING POSITION. NO. U. REP. NO. l • 
.15 .15 .10 .10 .10 .10 .20 .10 • 10 .25 .30 .25 .25 .25 .10 .25 .15 .10- .25 .1.0 
· .15 .10 .30 .15 .20 .10- .15 .10 .10 .10 .10· .10 .15 .20 .50 .ro .15 -.10 .10 .20 
• 20 .20 .10 .20 .10 .25 .20 .20 .20 .30 .10 .10 .10 .10 .10 .15 .10 .25 . .10 .10 
.10 .10 .10 .10 .15 .10 .20 .10 .20 .10 .10 .25 .10 .10 .10. .25 .15 .30 .20 .40 
.20 .10 .20 .25 ._25 .10 .15 .35 .10 .55 .15 • 40 .25 .15 .35 .10 .20 • 30- .30 ~25 . 
.10 .10 .10 .20 .20 .25 .20 .20 .15 .20 .15 .10 .25 .-30 .15 .25 .25 .15 .15 .10 
.15 .15 .30 .10 .15 .25 .10 .10 .10 .35 .25 .30 .10 .15 .10 .10 .15 .20 .10 .10 
.10 .10 .10 .15 .15 .10 .15 
SAl'PLING POSITION NO. 12. REP. NO. l. 
.45 .10 .10 .25 .10 .20 .10 .15 .10 .10 .10 .25 .15 .15 .20 .·40 .70 .15 .15 .10 
.30 .25 .20 .20 .20 .15 .20 .10 .25 .10 .25 .20 .20 .40 .20 .30 .so .20 .15 · .15 
.25 · .30 .15 .15 .10 .15 .10 • .10 .15 • 20 .25 .20 .45 .50 .15 .20 . .15 .10 .10 .10 
.15 .10 .15 .30 .15 .20 .10 .20 .15 .20 .15 '· .10 .15 .10 .10 .20 .15 .25 .10 .25 
.10 .20 .• 10 .15 .15 .20 .20 .10 .15 .3.5 .2-5 .15 .25 .15 .20 .20 .25 .25 .15 .25 
.15 .25 .30 .25 .25 .20 .20 .25 .35 .25 .is .25 .15 .20 .25 .20 .-_15 .25 .45 .15 
.10 .65 .25 .20 .25 .20 .25 .25 .15 .55 .1-5 
SAMPLING PCS1TION NO. 13. REP. NO. l • 
.15 .1c .25 • 20 .30 .20 .25 .45 .60 .25 .25 .10 .25 .20 .25 .35 .30 .25 .25 ~35 
.25 .30 •. 25 .25 .35 ..• 25 .25 .25 .15 .25 .• 25 .20 .15 .25 .25 .20 .10 .20 .• 30 .20 
.20 .30 .30 .40 .25 .30 .35 .25 .20 .35 .35 .25 .25 .25 .25 .25 .25 .25 .25 .25 
.20 .25 .20 .20 .35 .25 .35 .25 .30 -15 .25 .30 .20 .·20 .30 .15 .25 .40 .15 .75 
.25 -25 .55 .25 
. SAl'PLING PCSITION NC~ 14. REP. NO. 1. 
.25 .35 .10 .• 25 .25 .25 .25 .15 .25 .35 .-1-0 .10 .25 .10 .10 .25 .45 .20 -.25 .25 
.35 .35 .35 .45 .20 .25 .10 .20 .10 .25 .25 .10 .15 .20 .30 .10 .30 .35 .25 .45 
030 .30 
SAl'PLING PCSITION NO. 15. REP. NO. 1. 
.30 .1,0 .10 .10 .10 .10 .25 .30 .30 .30 .30 .10 .30 .50 ;.25 .10 .35 .30 ~15 .10 
SAf'lPLING PCSITION NO. 16 • REP. NO. 1. 
.30 .3C .-25 .15 · • 25 .35 .35 .25 .45 .25 .25 •. 10 .30 .25 .. 20 .25 .25 .20 .15 _.25 
.20 .45 -.25 •. 10 .• 25 .30 .45 .35 .35 .20 .25 .• 25 .25 .30 .30 .25 .25 .25 .20 .20 
.30 .30 .25 .20 .25 .30 · .3-5 .25 .20 .25 .30 .15 .35 .15 .30 .20 .25 .25 · .10 .25 
.30 .35 .25 .25 .35 .25 .30 .25 .10 .15 .20 
SA~PLING PCSITION.NC. 17. REP. NO. 1. 
.30 .10 .10 .30 .25 .15 .10 .25 .20 .10 .20 .40 .35 .20 .15 .15 .10 .10 .-10. - .35 
.40· .25 .15 .10 .10 025 .35 .10 • 30 .20 ~10 .10 .10 .10 .10 .10 .10 .10 .10 .15 
.35. .25 .35 .25 .10 .05 .05 .05 .05 .05 .05 .10 .10 .40 .25 .20 .35 • 30 .10 .10 .... 
.10 .10 .25 .30 • 70· .• 40 .60 .20 .10 .. 30 .35 · .35 .10 .2s .25 .05 .05 .10 .35- _.40 ...... 
00 
APPENDIX E-I CONTINUED 
.10 .55 .10 .10 .05 .10 .10 .30 
SAMPLING PCSITION NO. 18. REP. NO. 1 • 
• 20 .25 .25 .25 .25 .25 .10 .10 .20 .10 .10 .25 .25 .30 .25 .5o .~o .30 .40 .20 
.25 .25 .25 .25 .35 .30 .25 .35 .50 .40 .25 .30 .25 .20 .25 .20 .05 .10 .20 .25 
.25 -.25 .20 
SA .. PLING POSITION NO. 19. REP. NO. 1 • 
• 35 .25 .35 .20 .10 .50 .10 .30 .30 .10 .2.5 .25 .25 •. 25 .30 .35 .20 .40 .60 .25 
.25 .25 .35 .30 .30 -.30 
SAMPLING POSITION NO. 20. REP. NO. 1 • 
• 10 ~25 .35 .10 .25 .30 .65 .30 
SAMPLING POSITION NO. 21. REP. NO. 1 • 
• 25 .20 .30 .20 - .25 .30 .30 .10 .10 .25 .25 .30 .so .10 .25 .25 .25 .10 .30 .25 
.20 .20 .35 .30 .30 .10 .25 .35 .35 -25 .10 .35 .50 .25- .25 .35 .40 .35 .25 .25 
.25 .25 .25 .50 .50 .25 .25 .10 .10 .10 .15 .25 .65 .30 .3ci 
SA,.PLING PCSITION NO. 22. REP. NO. 1 • 
• 30 .25 .25 .25 .25 .30 .25 .30 .25 .35 .so .25 .25 .40 .30 .25 .30 .40 .40 .40 
.45 .25 .30 .35 .20 j5Q .25 .30 .10 .25 -.30 .15 .45 .so .30 •35 .25 .25 .25 .40 
.30 .25 .50 .35 .25 .30 
SA .. PLING POSITION NO. 23. REP. NG. l~ 
.20 .10 .05 .30 .15 .35 .35 .25 .25 .JO .35 .65 .20 .30 .25 a30 jQ5 .30 .20 .20 
.35 .35 .25 .10 .40 .35 .20 .30 .40 .30 .10 .05 .50 ._35 .45 
SAMPLING POSITION NO. 24. REP. NO. I • 
• 35 .30 .25 .2s .35 .20 .10 .10 .35 .35 .3o .15 .35 .20 .35 .30 .j5 .js .30 .2s 
.10 .10 
SAPPLING POSITION NC. 25. REP. NO. 1 • 
• 35 .40 .30 .3ri .45 .25 .25 .30 .10 .25 .30 .30 .25 .30 .25 .15 .46 .4t .20 .30 
.35 .30 .50 .25 .35 .35 .25 .25 .25 .25 .30 .25 .20 .25 .40 .40 .30 .25 .so .25 
.30 .15 .25 .40 .40 .30 .20 .30 .30 
SAMPLING PCSITION NO. 26. REP. NO. 1 • 
• 3o .25 .30 .25 .30 .4o .3o ~30 .30 .zri .35 .30 .25 .25 .30 .4!ii .30 a25 .2s .10 
.40 .30 .30 .55 .45 .30 .25 .30 .30 .25 .30 .40 
SAMPLING POSITION NO. 27. REP. NO. l • 
• 3o .3-o .30 .30 .20 .3o .2s .25 .10 .10 .so .35 .35 .35 .30 .2s .30 .2s .as .. _ .25 
.30 .25 .30 .40 .50 .30 .35 
SAMPLING POSITION NO. 28. REP. NO. l • 
• 30 .30 .20 .25 .20 .30 .25 .30 .35 
SAMPLING POSITION NC. 29. REP. NO. l • 
• 25 .25 .3o .25 .3o .20 .3o .3o .25 .30 -•o .35 .30 .25 .45 .25 
SA,.PLING POSITION NO. 30. REP. NO. 1 • 
• 25 .45 .30 .30 .30 .30 .so .30 .40 .35 -25 .35 .35 -25 .30 .20 
SAfll'PLING PCSITION 1110. 31. REP. NO. l • 
• 10 .45 .35 .10 .3o .2s .40 .15 .30 .• 25 .1ts .10 .35 .55 .• 30 .30 .3o .10 .10 .35 
SAfll'PLJNG PCSITION NC. 32. REP. NO. 1 • 




APPENDIX E-I CONTINUED 
SAf'PLING PATTERN DATA !GRID READING DIAMETERS) 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL FUEL AT 20 PSI 
SAMPLING DISTANCE= 4 INCHES 
GRID CHART = 20 MM PER GRID UNIT 
CAMERA MAG= 8 
COMPARATOR MAG= 10 
SAf'PLING POSITION NC. 1 • REP. NO. 2. 
• 20 .25 .25 .25 .15 .25 .10 .20 .05 .10 .25 .20 .20 .15 .10 .20 .15 .15 . • 10 .25 
.15 .15 .20 .20 .25 .20 .15 .15 .10 .10 .15 .30 .10 .15 .15 .15 .15 .15 .10 .10 
.25 -15 .15 .15 .15 .30 .20 .15 .25 .15 .15 .15 .10 .20 .10 .20 .10 .10 .20 .20 
.15 .20 .20 .15 .20 .50 .10 .20 .25 .10 .25 .15 .15 .15 .20 .15 .15 .15 .15 .15 
.15 .50 .15 .15 .10 .20 .95 .10 .15 .15 .20 .10 
SAf'PLING POSITION NC. 2. REP. NO. 2. 
.30 .20 .40 .35 .25 .10 .10 .10 .20 .20 .30 .15 .10 .15 .10 .10 .50 .15 .15 .20 
.15 .20 .30 .15 .10 .15 .10 .15 .25 .20 .30 .30 .10 .10 .20 .30 .15 .20 .10 .10 
.25 .20 .15 .10 .10 .30 .15 .10 .10 .15 
SAf'PLJNG POSITION NO. 3 • REP. NO. 2. 
• 30 .40 .25 .25 .20 .10 .40 .10 .25 .20 .10 .10 .20 .10 .10 .15 .10 .10 .20 .25 
.25 .15 .25 .10 .25 .15 .15 .20 .20 .10 .05 .10 .25 .20 .10 .10 .05 .;, 10 .20 .25 
.35 .10 .15 .30 .15 .10 .10 .20 .35 .10 .30 .15 .15 .55 .20 .20 .25 .15 .20 
SAf'PLJNG POSITION NC. 4. REP. NO. 2. 
.10 .05 .25 .25 .10 .10 .75 1.60 1.75 .35 .30 .25 .35 .10 .20 .10 .10 • 35 1.60 1.70 
.40 
SAf'PLING POSITION NC. 5. REP. NO. 2 • 
.25 .10 .10 .10 .10 .10 .40 .20 • os .25 .25 -25 
SAf'PLING POSITION NO. 6. REP. NO. 2. 
.20 .20 .15 .15 .60 .15 .20 .10 .10 .40 .10 .15 ~15 .10 .10 .10 .10 .10 .10 .15 
.45 .15 .50 .10 .10 .65 .10 .10 .35 .30 .15 .15 .30 .15 .15 .45 .15 .10 .15 .15 
.10 .10 .10 .20 .15 .15 .15 .15 .10 .10 
SAf'PLING POSITION NO. 1. REP. ND. 2 • 
.10 .40 .15 .15 .15 .15 • 20 .10 .15 .10 .20 .45 .15 .35 • 15 .10 .10 .10 .15 . • 15 
.10 .10 .10 .15 .20 .15 .10 .30 .20 .15 .15 .15 .20 .20 .10 .10 .35 .10 .10 .15 
.15 .10 .15 .15 .15 .10 .10 .20 .10 .20 .25 .15 .10 • 15 .15 .10 .55 .10 .10 .10 
•. 15 .10 .10 .15 .15 .15 .10 .10 .10 .15 .10 .25 .10 .10 .10 
SAf'PLING POSITION NO. a. REP. NO. 2. 
.25 .10 .15 .10 .10 .15 .05 .25 .10 .15 .15 .20 .20 .20 .30 .75. .10 .20 .05 .05 
.25 .20 .10 .10 .15 .25 .15 .05 .25 .10 .35 .20 .20 
SAMPLING POSITION NC. 9. REP. NO. 2. 
.30 .25 .25 .05 .05 .10 .35 .25 .15 .30 .30 
SAMPLING PCSITICN NC. 10. REP. NO. 2 • 
.10 .45 .20 .25 .25 .25 .30 • 25 .05 .30 .25 .05 .30 .25 .10 • 30 .30 
SAf'PLING POSITION NC. 11. REP. NO. 2 • 
.35 .15 .10 .35 • 25 .20 .10 .15 .10 .25 .20 .10 .15 .15 .15 .25 .15 .15 .25 .10 
.25 .20 • 30 .20 • 80 .10 .20 .15 .30 .10 .20 .25 .15 .20 .15 .15 .15 .15 .15 .10 
.15 .15 .15 .10 .10 .15 .25 .15 .20 .10 .25 .20 .15 .25 .20 .15 .15 .15 -15 .10 
.20 .15 .15 .10 .10 .20 .30 .10 .15 .25 
SA~PLING PCSITION ND. 12. REP. ND. 2. 
.15 .20 .10 .25 .20 .20 .10 • 30 .10 .15 .25 .10 .10 .40 .10 .10 .35 .10 .50 .10 
.15 .20 .25 .20 .20 .25 .15 .20 .25 .20 .30 .20 .20 .10 .20 .25 .20 .20 .15 .15 
.20 .25 .10 .10 .10 .20 .10 .05 .10 .25 .15 .25 .15 .30 .20 .10 .25 .2.5 .15 .25 
.15 .10 .20 .25 .25 .20 .25 .25 
SAf'PLING PCSITICN NC. 13. REP. NO. 2. 
.20 .25 .25 .25 • 30 .15 .30 .75 .25 .25 .10 .25 .30 .10 .35 .30 .15 .30 .30 .35 !--' 
.20 co 
0 
APPEND IX E- I 
SAMPLING POSITION NO. 14. REP. NO. 2 • 
.15 .10 .40 .20 .-20 .10 .10 .10 .20 
.20 .45 
SAtlPLING POSIT ION NO. 15. REP. NO. 2 • 
• 25 .40 .10 .25 .2·5 .• 30 .10 
SA~PLJNG POSITION NO. 16. REP. NO. 2 • 
.20 .20 .25 .15 .10 .. 10 • 10 .25 .10 
.15 .• 05 .40 .30 .• 15 .10 .20 .20 .20 
.25 .. 10 .25 .20 • 15 .40 .10 .15· . 
SAMPLING POSITION NO. 17. REP. NO. 2. 
-25 -25 .20 ·.55 .25 • .10 .25 .20 .15 
.10 .10 .20 .15 .20 .10 .25 .10 .10 
.35 .15 .20 .20 .10 
SAMPLING POSITION NO. 18. REP. NO. 2 • 
• 25 .40 .25 .15 .15 .35 .15 .20 .25 
.30 .20 .20 
SAMPLING PCSITION NO .• 19 • REP. NO. 2. 
.45 • 30 .25 .25 .70 .35 .30 .25 .10 
SAMPLING POSITION NO. 20. REP. NO. 2 • 
• 20 .35 .10 .35 .10 .10 •. 20 .05 .05 
SAMPLING POSITION NO. 21. REP. NO. 2. 
-25 -25 .30 .20 .20 .25 .30 .30 .• 20 
.25 .15 .25 .30 .30 .25 
SAMPLING POSITION NC. 22. REP. NO. 2. 
.25 .30 .15 .10 ~20 .10 ..• 30 .15 .15 
.25 .cs .40 .20 .30 .25 .·40 .20 
SAMPLING POSITICN NC. 23. REP. NO. 2 • 
-25 -50 .25 .20 .20 • 20 .20 .25 .25 
.30 .15 
SAMPLING POSITION NO. _24 • REP. NO. 2. 
.35 .50 .25 .35 • 50 .10 .40 .05 .25 
SAMPLING POSITION NO. 25 • REP. NO .• 2. 
.15 .65 .50 .30 .25 • 50 .30 .35 .25 
SAf!PLING PC:SITION NO. 26. REP. NO. 2 • 
.15 .20 .25 .25 • 40 .os .35 .30 
SAMPLING POSITION NO. 27. REP. NO. :2. 
.30 .35 .25 .30 .10 .35 .25 .25 .35 
SAMPLING POSITION NO. 28 • REP. NO. 2. 
.25 .40 .30 .10 • 25 .30 .25 .15 
SAMPLING POSITION NO. 29. Rl:P. NO. 2. 
.45 ~35 .10 .45 .10 .• 10 .50 .30 
SAMPLJN1. POSITION NO. 30. REP. NO. 2 • 
.35 .:25 .30 .30 • 35 .30 
SAli!PlING PCSI HON NO. 31. REP .• NO. 2. 
.30 .30 .30 .30 .25 .10 .10 .10 .35 
SA~PLJNG POSITION NO. 32. REP. NO • .'2 • 
.15 .10 .05 .15 • 10 .ro .30 .25 •. 35 
CONTINUED 
.. 30 .15 .10 .10 .10 .30 
.10 .10 .35 . .35 .10 .20 
.10 .10 .10· .15 .30 .10 
.10 .25 .20 .10 .05· .25 
.15 .30 .25 .35 .io .. 25 
· ;.25 .25 .35 .25 .20 .25 
.1·0 .15 .20 
•. 55 .45 .25 .20 .2·5 .20 
.20 .25 • 35 ·.os ol-5 . .15 
.20 .10 .• 15 .• 20 -~5 .25 
.30 .25 
.:2·5 .30 ·.10 
.10 .40 
.30 
.30 .25 .10 
.. 20 ol5 .30 
.30 .20 .20 
.35 .2.5 .20 
.10 .;10 .is 
.25 •. 25 .80 
.35 .10 .20 
.20 · .25 .20 






















APPENDDC E-I CONTINUED 
SA~PLING PATTERN DATA IGRIO READING OIAMETER~l· 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL FUEL AT 20 PSI 
SAMPLING DISTANCE= 4 INCHES 
GRID CHART = 20 1111 PER GRID. UNIT 
CAME~A MAG= 8 
COMPARATOR MAG = _10 
SA~PLING POSITION NO. .1. REP. NO. 3 • 
.15 .• 15 .35 .15 .10 · .15 l" . ~ .20 .10 .2.0 .25 .10 . .25 .15 .75 .15 .20 ··20 .25 .20 
.10 .15 .15 .15 .10 .25 .15 .45 .is .05 .25 .30 .15 .10· .20 .10 .20 -.20 .25 .20 
.10 .20 .15 .10 .20 .05 .15 .15 .10 .20 .30 .10 •. 25 .25 .15 .. 20 .15 ,;15 .10 .30 · 
.10 .. 10 .55 ·.os .10 .20 .10 .15 .10 .45 .30 .10 .10 .15 .25 .20 .15 .25 .15 .20 
-15 .20 .10 .20 .10 .30 .10 .10 .15 .25 .10 .15 .25· .15 .10 .05 .10 • i.o .25 .ao 
.10 .15 .20 .10 .15 .20 .10 .10 .05 .10 
SA~PLING POSITION NO. 2. REP. NO. 3. 
.20 .15 .25 .25 .30 .25 .20 .20 .25 .20 .10 .20 .10 .10 .35 .30 .30 .10 .25 • 70'· 
.2.0 .65 .15. .25 .15· .15 .20 .05 .10 .25 .70 .05 .20 .• 20 
SAMPLING POSITION NO. 3 • REP. NO. 3. 
• 25 .10 .15 .15 .10 .05 .25 .30 .15 .15 .20 .10 .50 .15 •. 20 .15 .20 ·.75 .10 .10 
.15 .15 .15 .35 .20 .15 .10 .10 .15 .25 .20 .20 .20 .10 .30 .20 ·.1 s .is .10 .15 
.20 .10 .15 .75 .1.5 .35 .1s .20 .30 .1s .30 .20 .1s .• 15 .15 .20 .30 .15 .10 .20 
.15 .so .10 .25 .15 .15 .as .25 .20 .20 .25 .25 .20 .25 .10 .20 .25 .• 30 .45 .45. 1 
.1s .15 .10 .25 .35 .20 .20 .15 .45 ._15 .20 .25 · .25 .15 .2s .20 .35 .40 .15 .25 
.20 .25 .75 
SAMPLING PCSITION NO. 4. REP •. NO.; 3. 
.15 .15 .25 .10 .10 .25 .05 .25 .• 20 .10 .20 ._35 .1s .25 .25 .15 .10 .20 .10 .25 
.15 .20 .45 .15 .25 1.65 1.60 1.95 1.25 2.00 1.60 1.90 1.05 
SAMPLING -PCSITltN Na. 5. REP. NO. 3. 
.20 .30 .30 .• 30 .25 .10 .05 .10 .30 .30 ..25· .10 .10 .50 .25 .30 .30 .10 ·.10 .os 
.10 
SAMPLING PCSITION·NO. 6. REP. NO. 3. 
.15 .20 .15 .10 .20 ·.15 .15 .15 .05 .15 .25 .25 .10 .10 .15 .10 .35 .10 .05 .35 
.25 .20 .25 .10 .25 .85 .30 • 15 .30 .25 .15 .10 .15 .15 .3!> .60 . .20 .40 ..• 15 .45 
.30 .10 .15 .1s .20 .15 .1s .30 .20 .10 .30 .15 .40 .20 .10 .20 .30 .20 .30 .2s 
.50 .20 .30 .30 .15 .25 .10 .20 .20 .25 · .25 .15 .15. .20 .os .10 .15 .25,,. .10 .15 
.20 .10 .10 .20 .25 .35 ~25 .so .30 .30 .30 .35 .25 .40 .25 
SAMPLING POSITION NO. 7 • REP. NO. 3. 
.• 20 .10 .20 • 15 .35 .40 .1s .20 .10 .30· .25 .25 .15 • 30 .30 .20 .25 .10 .10 .30 
.75 .45 .35 .10 .15 .50 .2s .50 .25 .25 .20 .20 .20 .20 .10 .15 .15 .• 20 
SA~PLING POSITION NO. a. REP. NO. 3. 
.25 .25 .40 .25 .2s .40 .30 .25 .20 .25 .30 .40 .40 .25 .20 .25 .30 .-25 . • 60 .25 
.25 .10 .90 .25 .25 .15 .30 .ss .05 .30 .30 .25 .20 .05 .10 .20 .25 .25 .25 .35 
.15 .25 .cs .25 .30 .25 .20 .25 .25 .40 .25 .25 .35 
SAMPLING POSITION NO. 9 .. REP. NO. 3. 
.20 .25 .20 .·40 .25 .10 .10 .20 .1s .30 .20 .15 .35 • l5 .20 .20 .40 • 1'5 .1s .as 
.10 .20 .25 
SA~PlING POSITION NO. 10. REP. NO. 3. 
.30 .25 .25 ~25 .45 .30 .35 .25 ~25 .25 .25 .30 .25 .35 .25 .25 ·.25 .30 
. SAl'!PLING PCSITION NO. 11. R.EP. NO. 3 • 
.20 .20 .20 .1.5 .25 .25 .25 .10 .05 .15 .-20 .05 .15 .15 • 30 .15 .35 .20 .10 .1s 
.15 .15 .10 .25 ~30 .45 .30 .25 .10 .10 .15 .20 .2s .10 .20 .25 .15 .25 .10 .20 
.10 .75 .10 .50 .25 .10 .2s ~20 .10 .35 .55 .35 .25 .15 .15 .15 .so .15 ·.1() .15 
.10 .15 .25 .30 .15 .15 .10 .25 .25 .20 .• 20 .25 .25 •. 55 .15 .10 .25 .10 .25 .20 
.50 .25 .15 .-10 .25 .25 .so ..... 
SAMPLING POSITION NO. 12. REP. NO. 3. 00 
.30 .20 .20 .25 .35 .25 .45 .20 .20 .35 .,s .15 .20 .20 .25 .20 .15 .20 · ~15 .30 . N 
APPENDIX E0 I CONTINUED 
.50 .30 .20 .30 .40 .15 .10 .35 .30 .20 .20 .15 .15 .40 .-20 .2.0 .25 .05 
SAMPLING POSITION ~O. 13. REP. NO. 3. 
.20 .20 .15 .75 .25 .40 .35 .25 .25 .30 .35 .30 .35 .25 .2·5 .30 .30 .10 .25 .30 
.35 .25 .to .20 .25 .15 .20 .25 .15 .10 .10 .10 ·.55 .25 .30 .25 .20 .20 .25 .30 
SAMPLING POSITiON NO. 14. REP. NO. 3. 
.25 .40 .30 .40 .25. .30 .20 .45 .40 .25 .35 .25 .45 .35 .25 .,25 .25 .20 .10 
SAl'PLING POSITION NO. l~. REP. NO. 3 • 
.30 .25 .25 .10 .30 .10 .• 20 .• 2·5 • 25 . • 30 
SAl'PLING POSITION NO. 16. REP. NO. 3. 
.25 .25 .15 .25 .10 .20 · .25 .20 .05 • 15 .10 .35 .• 20 .15 .10 .30 .25 .25 
· . 
.25 030 
.20 .20 .40 .25 .30 .30 .20· .30 • 35 .20 .20 .20 .20 .20 .1 J . .25 .25 .25 .25 .30 
.15 .25 1.15 .35 .15 .20 .25 .20 .20 .20 .25 .60 .15 .10 .15 .15 .10 .35 .30 .20 
.20 .25 .15 .40 .30 .20 .20 .15 .30 .25 .30 .15 .20 .30 .25 .20 .25 .20 .20 .35 
.20 .30 .25 .25 .• 55 
SAl'PLING POSITION NC. 17 •. REP .• NO. 3. 
.25 .25 .15 .10 •. 25 -25 .25 .15 .25 .20 .10 .25 .10 .os .10 .10 .20 .25 .15 .10 
.25 .30 .• 30 .• 15 .30 .25 '.15 .20 .30 .30 .• 10 .35 .25 .35 .25 .20 .25 .25 • 30 .30 
.25 
SAl'PLING PGSITION NO. 18. REP. NO. 3 • 
.25 .25 .20 .25 .50 .30 ·.15 • 20 -25 .• 30 .30 .90 .25 .25 .30 .25·. .25 .25 .30 .20 
.15 .20 .15 .20 .25 .• 30 .25 .30 .25 .25 .30 
SAl'PLING PCSITION NO. 19. REP. NO. 3. 
.25 .30 .25 .30 .25 .30 .25 .25 .25 .25 .20 .30 
SAl'PLING POSITION NO. 20. REP. NO. 3 • 
.25 • 25. .30 .30 .35 .25 
SA .. PllNG PCSITION NO. 21. REP. NO. 3. 
.25 .30 .25 .35 .30 .15 .25 .20 .10 .30 .35 .25 .25 .40 .30 .30 .25 .30 .10 .10 
.45 .30 .30 .25 .25 .25 .10 .25 .30 .25. .30 .35 .25 .25 .20 • 30 .25 .25 .40 .30 
.25 .05 
SA.,PLING P·CSITION NO. 22. REP. NO. 3. 
.30 .25 .45 .25 .30 .;.40 .25 .20 .30 .30 .35 .25 .30 • 50 .35 .25 .65 .;,55 .10 .30 
.25 
SAMPLING PCSITION NO. 23. REP. NO. 3. 
.25 .30 • 35 .25 •40 .25 .40 .25 .25 .30 .35 .45 .15 .• 30 .• 30 .30 .30 .25 
SAMPLING POSITION NC. 24. REP. NO. 3 .• 
.55- .25 .15 .45 .10 • 25 .25 
SA.,PLING PCS IT ION NO. 25. REP. NC. 3. 
.40 .55 .35 .25 .45 .35 .10 .35 .25 .35 .35 .35 .30 .35 .30 .30 .30 .40 .30 .45 
.30 .10 
. SAMPLING POSITION NO. 26. REP. NO. 3. 
.10 .35 .25 .30 .10 .30 .35 .25 .10 .35 .30 .55 ,.30 .10 •. 30 
SAl'PLING POSITION NC. 27. REP. NO. 3. 
.25 .cs .05 .25 .50 .30 .35 .30 • 30 .40 .40 .10 .10 .10 .10 
SAl'PLINC PCSITICN NO. 28. REP. ·Ne. 3 • 
.10 • 25 .35 
SAl'PLING POSITION NC. 29. REP. NO. 3. 
.25 .30 .30 .40 .40 .20 .30 .30 .35 .30 .15 .35 
SAl'PLING PCSITION NC. 30. REP. NO. 3. 
.25 .45 .15 .25 .10 .05 .30 .40 .30 .25 .35 .35 .50 •. 30 
SAl'PLING POSITION .NO. 31. REP. N.O. 3. 
.45 .10 .50 .25 .25 .35 .05 .50 .25 .30 
SAl'PLING PCSITICN NC. 32 • REP. NO. 3. 
• 35 .35 .10 .... 
(lO 
w 
APPEND IX E- I CONTINUED 
SAMPLING PATTERN DATA IGRID READING DIAMETERS) 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL FUEL AT 20 PSI 
SAMPLING DISTANCE= 4 INCHES 
GRID CHART= 20 MM PER GRID UNIT 
CAMERA MAG= 8 
COMPARATOR MAG·= 10 
SAMPLING POSITION NO. 1 • REP. NO. 4. 
• 15 .55 .55 .15 .20 .15 .45 .10 .20 .15 .25 .25 .20 .20 .20 .35 .15 .20 .15 .15 
.20 .25 • 30 .15 .75 .15 .20 .15 .15 .25 .15 -15 .10 .20 .10 .30 .20 .35 .10 .20 
.25 .15 .20 .20 .10 .10 .10 .35 .20 
SAMPLING POSITION NO. 2 • REP. NO. 4. 
• 65 .20 .20 .35 .10 .25 .40 .10 .25 .15 .10 .10 .20 .25 .15 .20 .10 .30 .35 .20 
.15 .20 .20 .25 .30 •. 15 .15 .25 .25 .20 .25 .45 •. 20 
SAMPLING PCSITION NO. 3 • REP. NO. 4. 
.40 • 45 .25 .40 .30 .25 .10 .25 .10 .25 .20 .20 .25 .25 .15 .20 .20 .25 .20 .20 
.15 .20 .10 .20 .30 .30 .• 25 .25 .20 .15 .10 .20 .25 .45 .25 .15 .25 .55 .10 .30 
.45 .50 .15 .30 .15 .35 .20 .25 .30 .20 .15 .20 
SAMPLING POSITION NO. 4. REP. NO. 4. 
-25 .25 .60 1.15 .. 30 .10 .15 .30 ;25 .20 .45 1.05 1.25 1.45 1.35 1.80 1.25 1.40 1.50 
. SAMPLING PCSITION NG. 5 • REP. NO. 4. 
.30 .25 • 25 .45 .25 .30 
SAMPLING PCSITION NO. 6. REP. NO. 4. 
.55 .10 .10 .20 .45 .20 .20 .20 .35 .25 .10 .15 .15 .25 .15 .15 .20 .30 .40 ·.25 
1.20 .40 .25 .65 .15 .30 .75 .50 .20 .15 .40 
SAMPLING POSITIOK ~O. 7. REP. NO. 4. 
.20 .10 .15 .15 .30 .20 .35 .25 .15 .10 .20 .45 .30 .80 .30 .15 .30 .40 .15 .10 
.15 .20 .20 .30 .40 .25 .15 .25 .25 .15 .15 .15 .15 .20 .15 .15 .40 .25 .15 • 20 
SAMPLING POSITION NO. 8. REP. NO. 4. 
.25 .25 .20 .20 .20 .35 .30 .20 • 20 .25 .10 .20 .10 .30 .20 .20 .30 .25 
SAMPLING POSITION NO. 9. REP. NO. 4. 
.10 .25 .35 .30 .05 .10 .05 .25 .25 .30 .05 .05 
SAMPLING PCSITION NC. 10. REP. NO. 4 • 
• 20 .25 .25 .20 .25 .25 .30 .25 
SAMPLING POSITION NO. 11. REP. NC. 4. 
.35 .25 .55 .15 .25 .25 .30 .55 .10 .25 .15 .15 .15 .15 .30 .10 .20 .10 .25 .10 
.10 .10 .10 .10 .35 .20 .15 .20 .10 .20 .. 15 .25 .25 .so .25 .25 .30 .25 .25 .25 
.25 .10 • 15 .15 .25 .25 .30 .25 .20 .15 .25. .30 .40 .30 .20 .20 .15 .25 .45 .20 
.20 
SAMPLING POSITION NC. 12 • REP. NO. 4. 
.50 .30 .25 .25 • 45 .15 .10 .35 .25 .15 .25 .10 .25 .25 .20 .15 .50 .10 .30 .25 
.30 .io .15 .15 .10 .15 .25 .40 .25 .20 
SAMPLING PCSITION NC. 13. REP. NO. 4. 
.20 .20 .25 .25 .15 • 10 .25 .25 .25 .20 .25 .25 .20 • 30 .25 .25 .10 .10 .25 .10 
.10 .cs .25 .10 .25 .10 .10 .15 .10 .10 .10 .10 .15 .25 .20 .15 .25 .25 .15 .10 
.20 
SAMPLING PCSITICN NO. 14. REP. NO. 4. 
.15 .25 .30 .20 .20 .25 .25 .15 .25 .15 .25 
SAMPLING PCSITION NO. 15. REP. NO. 4. 
.25 .25 .30 .10 .25 .25 .20 
SAMPLING POSITION NC. 16• REP. NO. 4. 
.15 .20 .10 .20 .20 .25 .35 .10 .25 .45 .•. 20 .20 .25 .25 .20 .30 .25 .25 .25 .15 
.30 .25 .25 .10 .20 .30 .25 .25 .25 .25 .25 .20 .25 .25 .30 .40 
SAMPLING PCSITION NO. 17. REP. NO. 4. ..... 
.25 .20 .20 .40 .25 .25 .25 .35 .40 .10 .40 .25 .30 .25 .40 .25 .25 .30 .25 .30 00 
,!::--
.35 .25 .25 .25 .20 .25 
SAMPLING POSITION NO. 18. 
• 25 .20 .25 .30 .20 .25 
SAMPLING POSITION NO. 19. 
.30 • 30 .25 .25 .25 .25 
SAMPLING POSITION NO. 20. 
• 30 .25 .25 .30 .35 
SAMPLING POSITION NO. 21. 
-35 .25 .25 .10 .25 .30 
SAMPLING POSITION NO. 22. 
.25 • 30 .40 .25 .25 .45 
SAMPLING POSITION NO. 23. 
-25 .25 .25 .30 .20 .25 
SAMPLING POSITION NO. 24. 
.35 .35 .10 .35 .10 .15 
SAMPLING POSITION NO. 25. 
• 55 .30 .35 .25 .25 .45 
SAMPLING POSITION NO. 26. 
• 25 .35 .25 .30 .10 .10 
SAMPLING POSITION NC. 27. 
.so .25 .25 .30 • 10 
SAMPLING POSITION NO. 28 • 
• 25 .05 .10 
SAMPLING POSITION NO. 29 • 
.10 .10 .05 .05 • os 
SAMPLING POSITION NO. 30 • 
.15 .35 .10 .10 .05 • 35 
SAMPLING POSITION NO. 31. 
.25 .25 • 10 .40 .30 .10 
SAMPLING POSITION NO. 32 • 
• 30 .30 .30 
APPENDIX E~ I 
.30 
REP. NO. 4 • 
.25 .25 060 
REP. NO. 4 • 
.30 .25 .50 
REP. NO. 4 • 
REP. NO. 4. 
.30 .25 .05 
REP. NO. 4 • 
.30 .25 .25 
REP. NO. 4. 
•. 25 .25 .30 
REP. NO. 4. 
.10 .10 .10 
REP. NO. 4 • 
.25 
REP. NO. 4 • 
.55 .10 .15 
REP. NO. 4 • 
REP. NO. 4. 
REP. NO. 4. 
REP. NO. 4. 
.05 .1.15 
REP. NO. 4 • 
REP. NO. 4. 
CONTINUED 
.10 .25 .20 
.20 .25 .10 
.05 .25 .35 
.25 .25 .40 















SAMPLING PATTERN DATA .(NUMBER OF ORO~$ tN ~ACH &tli CLASS) 
DELAVAN FS-2•65 FAN NDZlL~ 
wAnk Af 40 PSI 
SAMPLING DtStANCf • 6. INCHES 
REi>LlGAT Hllll 1 .. 
DROP Sil! CLASS <MttRONS1 
SAMPLING ·1 26 51 75 101 126 151 176 201 226 251 27& 301 326 351 316 401 426 451 47f 
POSITION 25 50 75 100 125 150 175 200 225 250 275 300 325 l!>O 375 400 425 450 475 :ioc 
1 2 7 11 2 ) 1 i> 0 0 0 0 1 tl 0 0 0 0 (j 0 0 
2 1 6 10 3 3 1 0 0 () 0 0 0 () 0 (j 0 0 0 0 0 
3 2 7 5 8 0 3 1 (i 0 0 0 0 0 0 0 0 6 ti (j 0 
4 2 8 12 2 2 0 I () 0 0 0 0 0 0 0 0 0 (J 0 0 
5 0 12 13 4 I 0 0 0 0 0 0 0 0 0 0 Cl 0 (j "' 0 6 l l 5 4 0 2 l 0 0 0 0 0 0 () (j 0 () (j 0 o. 
7 0 3 l 5 0 1 0 0 0 2 0 0 0 0 b (j g £1 0 0 
e I 17 13 3 I 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 3 20 lC 5 0 0 0 1 0 0 0 0 0 (J fl 0 0 (j 0 0 
10 0 9 7 2 l I 0 0 1 0 0 0 0 0 (j b (j () 0 d 
11 2 11 11 3 1 2 0 0 0 0 0 0 0 (j 6 ci 0 0 0 Ii 
12 0 12 11 7 l 0 0 0 0 0 0 0 0 0 0 0 6 0 (j 0 
13 l 2 4 2 3 1 0 1 0 0 0 0 0 0 o, d 0 0 a 6 
14 2 2 0 1 0 0 0 1 0 0 0 0 0 0 () Ci 0 0 g d 
15 l 5 7 4 1 0 0 0 0 0 0 0 0 d 0 0 0 0 6 6 
16 0 3 3 2 3 ci 0 0 0 0 0 0 0 (j () 0 0 (J 0 b 
17 0 3 2 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 0 l 2 5 3 0 0 l 0 0 l 0 0 o· (J 0 0 0 0 0 
19 l 1 3 1 2 l 0 (j 1 Q 0 0 0 0 (j 0 0 6 0 0 
20 0 2 2 1 4 0 1 0 (1 0 0 0 0 0 (J 0 0 0 0 0 
21 2 2 0 0 0 0 0 0 0 0 0 0 0 lj (j 0 0 0 0 0 
22 1 5 5 2 1 2 l 0 (J 0 0 0 0 () (j 0 (j 0 0 0 
23 l 2 l 2 0 0 0 0 () 0 g g (J () () 0 0 0 0 0 
24 2 l 0 4 0 0 0 0 0 0 0 (j a 0 0 (.j 0 0 0 0 
25 c l 3 4 l 0 0 0 0 a () {} (j () d 0 0 0 0 0 
26 1 0 0 0 2 0 0 0 0 0 0 (J 0 (;; 0 0 0 0 0 0 
27 0 3 0 0 1 l 0 0 () 0 0 El 0 0 0 0 0 0 0 0 
2a 0 0 l 0 0 1 0 0 () 1 0 0 0 Ill' 0 0 0 0 0 0 
29 3 1 z 2 1 0 0 0 (,j 0 Q 0 (; () o_ 0 0 0 0 () 
30 0 2 ·o 1 0 0 0 0 0 0 I!) Q " 0 0 0 0 0 0 0 31 0 2 0 0 0 0 0 0 () 0 () 0 0 0 0- 0 0 0 0 0 




APPENDIX B,,,,ll C<ffl:INVED 
SAMPLING PATTERN DATA (NUMBER OF DROPS lN EACH SIZE CLASS) 
DELAVAN FS-2-65FAN NDZZl.E 
WATER AT 40 PSI 
SAMPLING DISTANCE = 6. INCHES . 
REPLl'CATION 2. 
DROP SIZE CLASS {MICRONS) 
SAMPLING 1 26 51 75 101 126 151 176 201 · 226 251 276 301 326 351 376:._ 401 426 451 476 
POSITION .. 25 50 75 100 125 150 175 200 225 250 275 30;0 325 350 37'5 400 425. 450 475 500 
1 1 8 l7 8 0 1 0 1 0 0 0 0 0 0 ,o 0 0 0 0 0 
2 5 17 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 13 13 1 0 0 0 0 0 0 0 ,o 0 0 0 0 0 0 0 0 
4 5 4 7 0 2 0 2 1 0 1 0 0 0 0 0 0 0 0 0 0 
5 1 2 3 3 0 1 0 0 1 0 0 ,o 0 0 0 0 0 0 0 0 
6 2 1 6 1 3 1 0 0 0 1 0 ,o 0 0 0 0 0 0 0 0 
7 l l 6 6 1 1 0 0 0 0 0 0 0 0 0 0 0 o. 0 0 
8 I 12 6 6 0 0 0 0 0 0 0 ,o 0 0 0 0 0 0 0 0 
9 3 4 8 3 I l 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
lC 0 l 1 7 5 0 0 0 0 0 0 0 0 0 0 .o 0 0 0 0 
. 11 l 8 7 3 l l 0 0 1 0 0 ,o 0 0 0 0 0 0 0 0 
12 1 0 2 4 6 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 
13 l 0 l l l 2 0 l 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 0 2 l 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 1 6 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 2 a 4 3 l 0 0 0 0 0 0 ,a 0 0 0 0 0 0 0 0 
17 0 1 1 2 0 0 0 0 0 0 0 ,o 0 0 0 0 0 0 0 0 
18 3 3 0 ·1 l 0 0 0 0 0 0 ,o 0 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 2 0 2 0 0 1 0 0 0 0 0 IQ 0 0 0 0 0 0 0 0 
23 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 0 0 2 2 0 0 0 0 0 0 0 :0 0 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 0 1 0 0 0 ·o 0 .o 0 0 0 Q 
26 0 0 0 I 1 0 0 0 0 0 0 IQ 0 0 0 0 0 0 0 (} 
27 0 l 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 
29 0 0 0 0 1 0 0 0 0 0 0 :O 0 0 0 0 0 0 0 0 
30 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 
32 0 0 0 0 l 0 0 0 0 0 0 ,o 0 0 0 0 0 0 0 0 
...... 
00 ...... 
APPENDIX E-II CONTINUED 
SAMPUNG PATTERN DATA INIJMBE-R OF DROPS IN EACH SIZE C·LASS) 
DELAVAN FS-2-65 FAN NOZZLE 
WATER AT 40 PSI 
SAMPLING DISTANCE = 6. INCHES 
REPllCATION 3. 
DROP SIZE CLASS (MICRONS) 
SAMPLING I 26 51 75 101 126 I5i 176 201 226 2Sl 276 301 326 351 376 401 426 451 ·. 476 
POSITION 25 .50 75 100 125 150 175 200 225 250 275 300 325 350 375 ~00 425 450 475 500 
.-~,;;_· a 
1 2 5 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 
2 5 5 2 2 2 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 -
3 4 6 4 2 0 0 0 0 0 0 0 o- 0 0 ·, ·O 0 0 0 0 0 
4 4 2 11 2 2 0 -0 0 0 0 0 0 ·o 0 0 0 0 0 0 0 
5 0 4 2 2 1 0 0 0 0 0 0 .. 0 0 0 0 0 0 0 0. 0 
6 2 0 0 3 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 2 i: 2 0 0 0 0 ·o 0 -0 0 0 0 0 0 0 0 0 
8 I 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 
9 6 0 2 l 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 1 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 3 Lt 5 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 () 0 0 
12 0 1 1 3 1 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 0 ·o 0 I l 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 2 0 1 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 1 2 0 0 1 0 0 0 0 0 0 0 0 0 0 .o 0 0 0 0 
16 2 2 3 2 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
17 2 2. 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 o. o. 0 
18 5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 O· 0 o· 
19 5 0 3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 
21 0 1 0 1 0 0 0 0 0 0 0 0 ·o 0 0 0 0 ·0.:.r- 0 . 0 
22 0 0 0 l 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23 8 5 1 1 o. 0 0 0 0 0 ·o 0 0 0 ; 0. 0 0 0 0: 0 .. 
24 0 1 0 3 1 I 0 0 0 l 0 0 0 0 0 0 0 0 0 0 
25 .0 0 0 2 1 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 
26. 0 0 l 0 1 0 0 1 0 0 0 ·o 0 0 0 0 0 0 0 0 
27 0 0 0 0 1 0 0 0 {i 0 0 0 0 0 . 0 0 ·o 0 0 0 
28 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2~ 0 l l 0 0 0 0 (i 0 0 (i 0 0 0 0 0- 0 0 0 0 
30 0 2 3 ,. l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
· 31 0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 0 0 0 o· 0 




APPENDIX E-II CONTINUED 
SAflPLING PATT..:RN DATA (NUMBER OF DROPS IN EACH SIZE CLASS) 
DELAVAN FS-2-65 FAN NUZZLE 
. WATER AT 40 PSI 
SAMPLING DISTANCE = 6. INCHES 
REPLICATION 4. 
DROP SIZE CLASS (MICRONS) 
SAMPUNG l 26 51 75 101 126 151 176 201 226 251 276 301 326 351 376 401 426 451 476 
POSHHiN l!i 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 
l 5 9 7 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q. 
2 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 Q. 
3 2 1 4 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
4 0 3 10 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 1 4 3 0 o· 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 1 3 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 c 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 1 3 3 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 2 6 8 2 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
lC 1 2 1 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 c 3 6 2 2 0 1 2 0 0 0 0 0 0 0 0 0 0 0 (j 
12 l 2 3 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 
13 0 0 0 l 2 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 2 0 1 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 
15 () 2 3 4 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 3 5 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
17 0 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 2 2 1 ·3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
19 1 2 ·3 4 0 0 1 0 0 0 0 c 0 0 0 0 0 0 0 o· 
20 0 0 0 2 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 
22 c 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23 0 0 2 2 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 1 2 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 
25 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
26 c 0 2 I 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
27 0 0 0 l l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2e 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 2 l c 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 c 0 0 0 2 1 0 0 0 l 0 0 0 0 0 0 0 0 0 0 




APPEND IX E• II CONTINUED 
SAMPLING PATTERN DATA (NUMBER OF DROPS IN EACH SIZE CLASS) 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL OIL AT 20 ~SI 
SAMPUNG DISTANCE = 4. INCHES 
REPLICATION 1. 
DROP SIZE CLASS (MICRONS) 
SAMPLING 1 26 51 75 101 126 151 176 201 226 251 276 301 326 351 376 401 426 451 476 
POSITION 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 4_25 450 475 500 
l 41 46 37 13 7 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
2 46 65 34 12 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 32 31 23 6 6 3 0 2 2 0 0 0 0 0 0 0 0 0 0 0 
4 20 17 21 6 5 3 3 0 0 0 1 0 0 i l o,. 2 2 0 l 
5 7 l ·15 9 1 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 39 60 31 6 7 5 3 l 0 0 1 0 0 0 0 0 0 0 0 () 
7 23 44 27 7 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
e 12 ·37 36 7 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 9 7 28 17 11 2 0 0 0 o· 0 0 0 0 0 0 0 0 0 0 
10 4 3 11 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 62 49 29 5 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 26 62 31 4 5 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
13- 3 20 47 10 1 2 0 l 0 0 0 0 0 0 0 0 0 0 0 ·o 
14 9 6 18 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 7 1 9 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (l 
16 4 15 41 8 3 0 0 0 0 0 0 0 0 0 0 0 0 0 o· - ._ . o 
17 43 11 17 14 0 2 1 0 0 0 0 0 0 0 0 0 0 o· 0 . ·-o 
18 6 8 23 · 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 .···O ·.'· ·o·, 
19 3 2 14 5 I I 0 0 0 0 0 0 0 0 0 0 0 0 ·-.0. . Ci 
20 2 0 4 1 0 0 I 0 0 0 0 0 0 0 0 0 0 0 . 0 0 
21 9 5 29 7 4 0 I 0 0 0 0 0 0 0 0 0 0 0 Q 0 
22 1 2 28 9 6 0 0 0 0 0 0 0 0 0 0 ·o 0 .o 0 0. .. 
23 6 6 11 9 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 4 3 7 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'O. 0 
25 1 5 29 10 4 o. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
26 1 I 23 4 2 I 0 0 ·o 0 0 0 o· 0 0 0 0 0 0 0 
27 2 1 16 6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
28 ·O 2 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 0 1 12 2 I 0 0 0 0 0 0 0 0 0 0 o. 0 0 0 0 
30 0 l 9 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 5 l 7 4 2 I 0 0 0 0 0 0 0 0 0 0 0 0 o. 0 
32 I 2 2 0 0 1 0 0 0 0 0 0 ·o Ci o. 0 0 0 0 0 
-1-'-' 
'° 0 
APPENDIX E- II CONTINUED 
SAMPLING PATTERN DATA (NUMBER OF DROPS IN EACH SIZE CLASS! 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL OIL AT 20 PSI 
SAMPLING DISTANCE = 4. INCHES 
REPLICATION 2. 
DROP SIZE CLASS (MICRONS) 
SAMPLING 1 26 51 75 101 126 151 176 201 226 251 276 · 301 326 351 376 401 426 451 476 
POSITION 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 
l 18 57 13 0 2 0 l 0 0 1 0 0 0 0 0 0 0 0 0 0 
2 16 21 10 2 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 20 21 13 4 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 .o 
4 7 1 4 4 0 0 0 l 0 0 0 0 0 0 0 2 1 1 0 0 
5 6 1 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ·o 
6 19 22 2 2 3 l l 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 32 35 3 3 l l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 12 13 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 3 1 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (J 
10 4 1 11 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 15 39 13 2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
12 18 28 19 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 2 4 12 2 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 
14 8 8 4 l 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 2 0 4 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 16 20 8 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 
17 14 15 11 3 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
18 0 B 11 3 0 0 0 l 0 0 0 c 0 0 0 0 0 0 0 c 
19 1 0 5 l 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 6 4 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 1 1 14 l 2 l 0 0 0 0 0 0 0 0 0 0 0 0 0 (.; 
22 4 12 8 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23 1 10 8 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 2 0 2 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 {j 
25 0 1 6 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
26 1 2 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
27 2 0 7 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c 
28 l l 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 3 0 l 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 c 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
31 4 0 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
32 4 2 3 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
..... 
,.0 ..... 
APPENDIX E- II CONTINUED-
SAMPLING PATTl:RN DATA (NUMBER OF DROPS IN EACH SIZE CLASS) 
-~ 
DELAVAN FS-2-65 FAN NOZZLE 
DIESEL Oil AT 20 PSI 
· SAMPUNG DISTANCE = 4. INCHES 
REPLICATION 3,. 
DROP SIZE CLASS (MICRONS) 
SAMPLING l 26 51 75 101 126 151 176 201 226 251 2:76 301 326 351 376 401 426 451 476 
POSITION 25 50 75 100 125 150 175 200 225 .250 275 300 325 350 . 375 400 425 450 -~75 5_00 
1 36 49 18 l 2 1 l 2 0 0 0 0 0 0 0 0 0 0 0 O· 
2 6 13 10 l 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 15 5.3 21 5 5 0 l 3 0 0 0 0 0 0 0 0 0 0 0 0 
4 6 10 7 1 1 0 0 0 0 0 l 0 l 0 0 2 l 0 1 2 
5 9 1 10 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 18 37 27 8 3 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
7 6 15 10 3 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
8 5 7 31 7 0 2 0 0 1 0 0 0 0 0 0 0 0 0 o', 0 
9 3 12 4 3 0 p 0 0 1 .o 0 0 0 0 0 0 0 0 0 0 
10 0 0 15 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 19 32 25 3 5 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
12 2 20 9 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 5 9 19 5 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 2 10 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 2 1 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 6 ~6 33 7 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
11 8 9 22 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
18 0 8 21 0 l 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
19 0 1 11 0 0 0 0 0 0 0 0 0 0 0 0 0· 0 0 0 0 
20 0 0 5 1 0 0 0 0 0 0 0 0 0 0 0-'·' 0 0 0 0 0 
21 5. 3 28 5 1 0 0 0 0 0 0 0 0 o- 0 0 .o 0 0 0 
22 1 1 12 3 2 l 1 0 0 0 0 0- 0 0 0 0 0 0 0 0 
23 0 l 12 4 l 0 0 0 0 0 -0' 0 0 0 0 0 0 0 0 0 
24 1 -1 3 0 l 1 0 Q_ ·-·· 0' 0 0 0 0 0 0 0 o. 0 0 0 
25 2- 0 8 9 ,l- l'- <, 0 0 0 0 0 0 0 0 0 0 ·o 0 0 
26 4 0 7 3 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
27 6 0 5- 3 l 0 0 0 0 0 0 0 0 0 0 0. 0 .o 0 0 
28 1 0 1 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 0 2 6 4 0 0 0 0 0 0 0 0 0 0 0 0 0 ·o 0 0 
30 2 l 6 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 
31 2 0 4 1 3 0 ,o 0 0 0 0 0 0 0 0 0 0 0 0 0 




APPENDIX E-II CONTINUED 
SAMPLING PATTERN DATA (NUMBER OF DROPS IN EACH SIZE CLASS) 
DELAVAN FS-2-65 FAN NOZZLE 
bIESEL OIL ~T 20 PSI 
SAMPLING DISTANCE = 4. INCHES 
REPLICATION 4. 
DROP SI:ZE CLASS (MICRONS) 
SAMPlJNG l .26 51 75 101 12f, 151 176 201 226 251 276 301 326 351 376 401 426 451 476 
POSITION 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 
1 7 28 7 3 1 2 0 1 0 0 0 0 0 0 • 0 0 0 0 0 0 
2 5 14 9 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 5 20 19 3 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 
4 1 2 5 0 1 1 0 0 0 0 1 1 2 2 2 0 0 1 () 0 
5 0 0 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 3 12 6 4 2 1 l l 0 0 0 1 0 0 0 0 0 o. 0 0 
7 3. 21 10 4 I 0 0 1 0 0 0 0 0 0 ·o 0 0 0 0 0 
8 2 8 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 6 0 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 2 6 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 10 20 24 3 .2 2 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 
12 4 9 12 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 14 ll 16 0 0 O· 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 5 .6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 1 1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 3 10 20 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
17 l 3 l7 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
re l 3 u 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'19 1 1 10 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 0 4 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 3 0 9 2 .o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 0 1 12 2 1 0 0 0 0 0 0 0 0 o· 0 0 0 0 0 0 
23 0 1 12 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
24 5 1 0 .3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
25 0 0 4 l 1 1 0 0 0 0 0 0 0 0 0 0 0 ·a 0 0 
26 4 1 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 () 
27 1 0 3 0 1 0 0 0 0 0. 0 0 0 0 0 0 0 o· 0 0 
28 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
29 5 0 0 0 0 0 0 0 ·O 0 0 0 0 0 0 0 0 0 0 0 
30 5 1 0 2 0 0 0 0 0 0 Q. 0 0 0 0 0 0 0 0 0 
31 2 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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